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% Hair care composltlona. 

@ Hair care compositions whicii give both Improved style 
retention and hair conditioning properties. The compositions 
comprise from about 0X)1iM) to about IWM) of a rigid slicone 
polymer and a volatHe carrier. 
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Descriptloii 

HAIR CARE COMPOSmONS 



TECHNICAL FIELD 

S The present invention relates to hair cars compositions which have improved hair conditioning and style 
retention properties due to the inclusion of particular ^pes of sflicone polymers, and a volatile earner for such 
polymers. 

BACKGROUND OF THE INVENTION 

10 The desire to have hair retain a particular shape Is widely hekL The two methodologies of accomplishing this 
are permanent chemical alteration of the hair or a temporary alteration. A temporary alteration is one which can 
be removed by water or by shampooing. This has generally been accomplished by means of the application of 
a separate composition to dampened hair. Le.. after shampooing and/or conditioning, and prior to drying 
and/or styling. The materials used to provide setting ben^its have generally been resins or gums and have 

IS been applied in the form of mousses, gels, lotions, and sprays. However, many people desire some 
Improvement in style retention without the necessity of a separate step. Further, some people desire a high 
level of style retention such as that provided by a separate composition without the negative impact of these 
materials on dry hair properties, particularly ease of combing and hair feel. 
Silicones In various hair care compositions have been disclosed In a large number of different publications, 

ao Including U.S. Patent 3.964.600. Drakoff. issued June 22. 1976; U.S. Patent 4.364.B37 . Pader, issued December 
21. 1981; US. Patent 4.341.799. Good, issued Jidy 27. 1982; U.S. Patent 4.465ffl9. Bosicamp, Issued August 
14, 1984; U^. Patent 4^1S.784 i Bogartus, issued May 7. 1986; Patent 4.387.090 . Bonch. issued June 7. 
1983; and U.g. Patent 4.529.686. DeMaroo et aL issued July 16. 1985. 
It has now been discovered that hair care compositions cotnprlsins certain rigid sDcone polymers and 

SS volatile canfere provide increased s^retsnfioa The compositions msy be h any of the cotwenlionalfo 
Including but not limited to shampoos, conditioners. hainspnE^s, tonics, lotions and mousses. The 
compositions provide the increased style retention to the ha&r without decreasmg dry hair properUes such as 
ease of combing. 

This is surprising since other sIBcone materials which have been ^ically used in hair care compositions as 
30 conditioners have hurt style retention, and the resins and gums used frequently for style retentton have 
generally hurt dry hair properties such as combing. 

It Is an object of the present invention to provide hair care compositions which contain a high molecular 
weight rigid silicone polymer. 
It Is a further oblect of the present invention to provide stable hair care compositions contaMng a volaflle 
as carrier. 

It is a further object of the present Invention to provide hab- care compositions providing good style 
retention. 

It is a further object of the present Invention to provide hair care compositions which provide good 

condttionhfig. 

40 It is a further object of the present invention to provide an improved method of temporarily styling and 
conditioning hair. 

It is a further object of the present invention to provide a method of treating hairfor improved style retenfiton. 
These and other objects will become readily apparent from the detailed descrtpfion which follows. 
Unless otherwise indicated, all percentages and ralfos herein are by weight 

4S 

SUMMARY OF THE INVEIfflON 

The present invention relates to hair care compositions comprising tram about Oi)1(Vb to about 10<M) of a 
rigid silicone polymer, from about O.m to about 99.9% of a votetlla carriM' or nrixturss thereof. 

SO DETAILED DESCRIPTION OF THE INN^NTION 

The essential as well as optional components are descrtt>ed below. 

Rigid Silicone Polymer 

The compositions of the (»-esent invention contain at least one rigid silicone polymer which when applied to 
fi? hair Imparts style retention iienefits. 

The polymers comprise itom aboutOX)1<Wi to about VfVo of the composition, preferably from about 0.05<M) to 
about 70/b. 

Polymers useful in the present invention mdude. but are not limited to, ffller remforced poiydimethyl siloxane 
gums Including those ha^^g end groups such as hydrojcyl. cross linked ^oxanes such as organic substituted 
60 silicone elastomers, organic substituted siloxane gums including those having end groups such as hydroxyl. 
resin reinforced siloxanes and cross Bnked siloxane polymers. 

The rigki silicone polymers useful in Sie present inventton have complex viscosfties of at least 2 x 10<> poise 
(P), preferably about 1 x 10' or more, where complex viscosi^ is measured by subjecting a sample to 
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oscillatory shear at a fixed frequency of 0.1 rad/sec at ZS'C using a Rheometric Fluids Spectrometer* 
measuring films having a thickness of about 1 millimeter. The resulting viscous and elastic force responses are 
combined to determine the complex modulus which is divided b]a the imposed frequency to compute the 
complex viscosity. j 1 

A preferred slioxane gum Is a diphenyl-dimethyl poiysilbxane gum useful In the invention has a molecular s 
weight of at least about 500.000. and must be diphenyl substituted to the extent of 3<Vo or more, preferably at 
least about 5<yo. 

The sUoxane gums may be filler reinforced to provide additkmal r^dtty. Silica Is the preferred filler. 

The siflcone elastomer useful In the composition of the present Invention Is that type of material described In 
U.S. Patent 4^1.688, September 9, 1980 to Johnson et al, Incorporated herein by reference. The actual io 
material described hi the patent and what Is put Into the present composltons is an aqueous emulsion vimioh 
dries to fomi an elastomer upon removal of the water. 

TTie silicone emulsion has a continuous water phase in which there is a dispersed phase which comprises an 
anlonicaily stabilized hydroxylated polyorganoslloxane, a coloidal silica and a catalyst. The pH of the emulsion 
should be in the range of from about 9 to about MS, pref«ably from about 10.5 to about 11.2. The solids is 
content of the emulsion is generally from about SWo to about &yVo, preferably from about 30f>/o to about 50%. 
The amount of colloidal silica present for each 100 parts by weight of the polydiorganoslioxane is from 1 to 150 
parts. On the same basis the amount of diorganotindicarboxylate (e.g., dioctyl tindilaurate) catalyst is from 0.1 
to 2 parts. The elastomer emulsion is used in an amount of from about O.io/o to about Sf>/o, preferably from 
about 0.5% to about 40/o of the total composition. so 

Silicone resins are silicone polymers with a high degree of crosslinldng Introduced through the use of 
trifunctional and tetrafunctlonal sllanes. Typical silanes used In the manufacture of resins are monomethyl, 
dbnetl^, monophenyl, diphenyl, methylphenyl, monovinyl, and methylvlnyl chlorosilanes, together with 
tetraohlorosiiane. A preferred resin istxie offered by General Bectrio as GE SR546. Ilils resin is provided as a 
solution In toluene which is stripped prior to the resin's use. as 

Other rigid silicone polymers of interest are those slloxanes which have been sparingly crosslinked but are 
still soluble in solvents such as cyclomethicone. Precursors for the rigid material can be any high molecular 
weight polydimethyi slloxanes, po^dimethyl siloxanes containing vinyl groups and other slloxanes. Methods of 
crosslinldng include heat curing with organic peroxides such as dibenzoyi peroxide and dl-t-butyl peroxide, 
heat vulcanization with sulfur and high-energy radiation. 30 

Volatile Canler 

The compositions of the Invention comprise a volatile carrier, or mixtures thereof, which preferably Is 
present from about 0.1<M) to about 99.9% for the silicone polymer. The temn 'vdatile' as used herein means 
that the tradBital has a measurable vapor pressure. x 

Where the rigid sVcone polymer is a polydimettiyf slioxane or a polydlphenyldlmethyl slioxane, the preferred 
cantors are voiatle silicones having a boiling point between 9B'C to about asO'C and have a soNbfllty in water 
of less than about 0.1%. The degree of substitution on the slioxane (higher substitution, lower solubility) 
obviously affects the polymer's solubility and is taken into account by the formulator. TTie sllkxines may be 
either cyclic or linear potydhnethyl siloxanes. The number of silicone atoms in the cyclic silicones is about 3 to 40 
about 7, most preferaiily 4 or 5. The general fonnula for cyclic silicones is: 



CH3 

wherein n - 3-7. Viscosities are generaly less than 10 csntlpoise (cP) at 25"C. 

Unear potydimethyi sHoxanes useful to the invantkxi generally have viscosities of about less than about ScP 
at SS'C. The linear voiatils silicones contain firom about 3 to about 9 silicone atoms and have the general 
fonnula 

(CH3)3 Si-0-[Si (CHalzOlnSi (CH3)3 
wherein n = 1-7. 

Silicones of the above described types are widely available e.g., from Dow Coming as 344,346 and 200 
fluids; Union Cariside as Silicone 7202 and 7158, and Stauffer Chemical as SWS-03314. 

Also useful in compositk>ns of the inventkm are certain volatile hydrocarbons. These hydrocarbons may be 
either straight chain or branched, and contain from about 10 to about 16 carbon atoms, preferably from about 
12 to about 16 cartjon atoms. 

Water is stfso us^ in coin)oslttons of the present invention either alone or In mixtimes wHh other volatile 
carriere. Where the elastomer alone is used, vnater may be preferred and if so, a surfiactant, as described 
betow, is also present 

Short chain alcohols such as ethanoi are also suitable solvents for use in the present composltkxis. 
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Optional Ingredisnts 
Surfactants 

Surfactants are preferred optional ingredients in the compositions of the invention, particularly sliampoo 
5 and conditioner compositions. When present, the surfoctant comprises from al^out .05(^ to about SfyVa. For a 
shampoo, the level is preferably from about 1 0o/o to about 3CfVo, most preferably from about 1 2'Va to about 
of the composition. For conditioners the preferred level of surfactant is from about 0.20/o to about 3<Vb. 
Surfactants useful In compositions of the Invention Include anionic, nonionic. catlonic. zwltterionio and 
amphoteric surfactants. 

10 Synthetic anionic detergents useful herein, particularly for the shampoo compositions, include alkyi and 
altcyt ether sulfates. These matei^s have the respective formulae ROSO3M and ROCCzHUOlxSOsM wherein 
is ail^yl or allcenyi or about 10 to about 20 carbon atoms, x is 1 to 10, and M is a ¥vater-soiuble cation such as 
ammonium, «)dium, potassium and triethanolamfene. The aikyi ether suifotes useful in the prsssnt invention are 
condensation products of ethylene oxicte and monohydric alcohols hairing about 10 to abovA 20 carbon atoms. 

IS PrefersbV. R has 12 to 18 carixm atoms in both the allcyl and aikyI ether sulfetes. The alcohols can be derived 
from fats, e.g., coconut oil or tallow, or can be synthetic. L^ryt alcohol and straight chsdn alcohols derived 
from coconut oil are pretend herein. Such alcohols are reacted virith 1 to 10, and especially 3, molar 
proportions of ethylene oxide and the resulting mixture of molecular species, having, for example, an average 
of 3 moles of ethylene oxide per mole of alcohol, is sulfated and neutralteed. 

SO Specifio examples of alkyi ether sulfates of the present invention are sodium coconut aikyI triethylene glycol 
ether sulfate; lithium tallow alkyi triethylene glycol ether sulfate; and sodium tallow alkyi hexaoxyethylene 
sutfiate. Highly preferred alkyi ether sulfates are those comprising a mixture of Individual compounds, said 
mixture havbtg an avarege aU^ chain length of 1mm about 12 to 16 cartxm atoms and an average degree of 
ethaxytaOon of from about 1 to 4 moles of ethylene oxidB. Such a mixture also conqjrim fiom abou^ 

26 by weHjiht Ci2pi3Compound8; from 80 to 100<M> by weight of Ct4-i5-i6 compounds, from aboutO to 20<Mi by 
weight of Ci7-ie-ia compounds; frtxn about 3 to SQiVb by weight ot compounds having a degree of 
sthajq^iatton (rf 0; from about 45 to OOQb i>y weight of compounds having a degree of ethoxylafo 
4; from about 10 to 2SWa by weight of compounds having a degree of ethoxylation of from 4to 8; and from 
aiMut 0.1 to 19H> tty weight of compounds having a degree of ethoj^iation greater than 8. 

SO Another suitable dass of anionic surfactants are the water-soluble salts of the organic, sulfuric acid reactton 
products of the general formula: 
Ri- SO3-M 

wherein Riis chosen from the group consisting of a straight or branched chain, saturated aliphatic 
hydrocarfcon radical having from 8 to 24, preferably 12 to 18. carbon atoms; and M is a oatkm. Important 

as examples are the salts of an organic sulfuric acid reaction product of a hydrocarbon of the methane series. 
Including Iso-. neo-, Ineso-, and n-panaffins, having 8 to 24 carbon atoms, preferably 1 2 to 1 8 carbon atoms and 
a sulfonating agent e.g., SO3. H2SO4, oleum, obtained according to known suifonation methods. Including 
bieaci^g and hydrolysis. Prafarred are alkali metal and ammonium sulfonated C12.18- n-parafNns. 
Additional examples of antonto synthetk: detergents wiMi come withbi the tanns of the praeent inventhxi 

40 are the raactkm products of fat^ackfeesterified with isathionteacki and neutralized with 

where, for example, the fatty acMs are derived iirom coconut oD; sodium or potassium salts of fatty acklaitddes 
of methyl tauride in which the fatty acids, or example, are derived ftom coconut oil. Other anionte synthetic 
detergents of this variety are set forth in U.S. Patents 2.486.921; 2^,922; and 2,396,278. 
Still other anionto synthetic detergents include the class designated as succinamates. This class includes 

4S such surface active agents as disodium N-octade(^sulfbsucclrdmate; tet-aaodium N-(1,2-dicarbox- 
yethyl)-N-ocatadecylsuifo-succinamate; diamyl ester of sodium sutfosucdnte acid; dihexyl ester of sodium 
sulfosucclnic acid; dioctyl esters of sodium suffosuccinic acid. 

Other suitable anionic detergents uUlizable herein are olefin sulfonates havfrig about 12 to about 24 carbon 
atoms. The term 'olefin suifonates' Is t«ed herein to mean compounds which can be produced by the 

BO eidfonation of a-olellns by means of uncomplexed suKur triaxUe, followed by neutralization of the add 
rsaciion ndxture in concUtions such that aiv sidtones whteh have been fonned in the reaction m 
give the corresponding hydroxy-alkanesulfonates. The sulfur trio»'de can be DcMd or gaseous, and is usual^. 
but not necessarily, cffluted by inert dihients, for example by Gquid SOz, chlorinated hydrocatfxxts, etc., when 
used in the liquid form, or by air, nitrogen, gaseous SO2, etc., when used in the gaseous form. 

SS The a-oleflns from whtah the d^ sulfonates are derived are mono-olefins having 12 to 24 carbon atoms, 
preferably 14 to 16 carbon atoms. Preferably, they are straight chain olefins. Examples of suitable 1-olefina 
include 1-dodecene; 1-tetradecene; 1-hexadecene; 1-ocfadecene; 1-eteosene and 1-tetracosene. 

In addition to the true alkene sulfonates and a proportion of hydroxy^lkanesutfonates, the olefin suifonates 
can contain minor amounts of other materials, such as alkene disutfonates depending upon the reaction 

60 oondlflons, proportion of reactants, the nature of the sfarting olefins and impurities in the olefin stock and side 
reactions during the suifonation process. 

The a-olefins from which the olefin sulfonates are derived are mono-olefins having 12 to 24 carison atoms, 
preferably 14 to 16 carbon atoms. Preferably, they are straight chain defins. Examples of suitable 1-deflns 
indude 1-dodecene; 1-tetradecene; 1-hexadecene; 1-octadecene; 1-dcosene and 1-tetracosene. 

^ In addition to 0ie tnie afltme suifonates and a proportkm of hydroxy-aikanesuifbnates. the defh sdfbnafes 



4 



0240350 



can contabi minor amounts of other materials, such as aikene disulfonates depending upon the reaction 
conditions, proportion of reactants, the nature of the starting oief^s and impurities in the olefin stoci< and side 
reactions during the suifonation process. 

A specific a-olefin sulfonate mixture of the above type Is described more fUliy In the U.S. Patent 3.332.880 of 
Phillip F. Pftaumer and Adrian Kesslor, Issued July 25, 1967. titled 'Detergent Composttion*. the disclosure of s 
which is incorporated herein by reference. 

Another class of anionic organic detergents are the p -aikyloxy alkane sulfonates. These compounds have 
the following formula: 

ORj H 10 

R,- C - C - SO,M 
111 3 



where Ri Is a straight chain ailtyl group having from 6 to 20 cariaon atoms, R2 is a lower aikyi group having 
from 1 (preferred) to 3 carbon atoms, and M is a water-soluble cation as hereinbefore described. ' 

Spedflo examples of p-alkyloxy-aikane-1-sulfonates, or altamatively 2-alkyloxy-all<ane-1-sulfonates, having 
low hardness (calcium ion) sensitivity useful herein to provide superior cleaning levels under household 
washing conditions include: potassium-p-methoxydecanesulfonate, sodium 2-methoxytridecanesulfonate, 20 
potassium 2-ethoxytetradeoylsulfonate. sodium 2-lsopropoxyhexadecylsulfonate, lithium 2-t-butoxytetrade- 
cylsulfonate, sodum p- methoxyoctadecylsulfonate, and ammonium p-n-propoxydodecytsuifonate. 

Many additional nonsoap synthetic anionic surfactants are described In McCUTCHEON'S, DETERGENTS 
AND EMULSIFIERS, 1984 ANNUAL , published by Allured Publishing Corporation, which is incorporated herein 
by reference. Also U.S. Patent 3,929,678 , to Laughlin et ai.. issued December 30, 1975 discloses many other 25 
anionic as well as other surfactant types and is incorporated herein by reference. 

Nonlonic surfactants, which are preferably used in combination with an anionic, amphoteric or zwitterionic 
surfactant, can be broadly defined as compounds produced by the condensation of all^iene oxide groups 
(hydrophillc In nature) with an organic hydrophobic compound, which m^ be aliphatic or al^ aromatic In 
nature. Examples of preferred classes of nonlonic surfactants are: 30 

1. The polyethylene oxide condensates of alkyi phenols, e.g., the condmsation products of all<yl 
phenols having an aikyi group containing from about 6 to 12 cartjon atoms in either a straight chain or 
branched chain configuratton, with ethylene oxide, the said ethylene oxide being present in amounts 
equal to 10 to 60 moles of ethylene oxide per mole of alkyI phenol. Tiie aikyi substituent in such 
compounds may be derived from polymerized propylene, dilsobutytene, octane, or nonane. for example. 3S 

2. Those derived from the condensation of ethylene oxide with the product resulting from the reaction 
of propylene oxide and ettiytene diamine products which may be varied In composition depending upon 
the balance between the hydrophobic and hydrophillc elements whteh is desired. For example, 
compounds containing from about 40<Vb to about 804b polyoxyetiiylsne by weight and having a molacular 
weight of firom about SfiOO to about 1 1,000 resulting from the reactton of ethylene oxMe groups with a « 
hydrophobic base constituted of the reactton product of ethylene diamine and excess propylene oxide, 

saki base having a molecular weight of the order of 2,500 to 3.000, are satisfactory. 

3. The condensation product of aliphatic alcohols having from 8 to 18 carbon atoms, in either straight 
chain or branched chain configuration, with ethylene oxide, e.g., a coconut ateohol ethylene oxide 
condensate having from 10 to 30 moles of ethylene oxide per mole of coconut alcohol, the coconut 4S 
alcohol fraction having from 10 to 14 cart>on atoms. 

4. Long chain tertiary amine oxWes corresponding to the following general formula: 
R1R2R3N— O 

wherein Ri contains an aikyi. alkenyl or monohydroxy aikyi radical of from 8 to about 18 carbon atoms, 
from 0 to about 10 ethylene oxide moieties, and from 0 to 1 glyceryl moiety, and R2 and R3 oontain from 1 so 
to about 3 carbon atoms and from 0 to about 1 hydroxy group, e.g.. methyl, ethyl, propyl, hydroxy ethyl, or 
hydroxy propyl radicals. The arrow in the formula is a conventional reprasentatkm of a semlpolar bond. 
Examples of amine oxides suitable for use in ttiis inventkm inckjde cBmethyldodecylamine oxide, 
oleyldi(2-hydroxyethyl) amine oxide, dimethyloctylamine oxide, dimethyl-decylamine oxide, dimethylte- 
tradecytamine oxide. 3,6,9-trioxaheptadecyldiethylamine oxide, di(2-hydroxyethyl)-tetradecylamine oxide, 55 
2-dode-coxyethyidimethyiamlne oxide, 3-dodec<»cy-2-hydroxypropyldi(3-hydroxypropyl)amine oxide, di- 
methylhexadecylamine oxide. 

5. Long chain tertiary phosphine oxides corresponding to the following general formula: 
RR'R"P-*0 

wherein R contains an alkyl. alkenyl or monohydro^^alkyl radical ranging from 8 to 18 carbon atoms in 60 
chain length, from 0 to about 10 ethylene oxide moieties and from 0 to 1 glyceryl moiety and R' and R" are 
each aikyi or mondflrdro^qfall^ groups containing from 1 to 3 cariion atoms. The arrow in the formula is a 
conventional representaSon of a semipolar bond. Examples of suitable phosphine oxides are: 
dodecyWimethy^Aosphine oxWe. tetradecyUDmett^phosphine oxkle. tetradecylmethylethjripfwsptMne 
oxWe. 3,6.9.-trioxaoctadecykflmethylphosphine oxkle. cetyWimethylphosphfrie (Bclde, 3-dodBC<»qh2-hy^ 6B 
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(irD]^ropykfl(2-hydroxyethyl) phosphine oxide, steatyldimethyiphosphine oxide, cetylefhylpropylphos- 
phine oxide, oleyldiethylphosphine oxide, dodecyldiethylpliosphlne oxide, tetradecyldiethylpliospliine 
oxide, dodecyldipropyipiiosplilne oxide, dodecyidl(hydroxytnethyl)phosphine oxide, dodecyldf[2-hydrox- 
yethyOpliosphlne oxide, tetradec:ylmetliyl-2-liydn«ypropylphosptiine oxide, oieyldlmethylphosphine 

6. Long chain diaikyi sulfoxides containing ore sirort chain aO^ or hydroxy ailtyi radical of 1 to about 3 
carbon atoms (usually methyl) and one long hydrophobic chain whidi contain all^l, aikenyl, hydroxy all^, 
or keto alkyt radicals containing from about 8 to about 20 caibon atoms, from 0 to about 10 etf^ene oxide 
moieties and from 0 to 1 glyceryl moiety. Examples include: octadecyl metl^ sulfoxide, 2-kstotridecyl 
methyl sulfbodde. 3^,g,-ti1oxaoctade(9i 2-hydraxyethyl sulfoxide, dodaayi methyl sulfoxide, olsyl 
S-hydrmcypropyl sidfoxlde, tstradecyi methyl sulfoxide, 3-msthoxyiride(^ methyl sulfoxide. 3-hiydn»^ 
tridec^ methyl sulfoxide, 3-hydroxy-4-dodecoxybu1yl methyl sulfoxide. 
CaOonic surfactants useful In compositions of the present inventkm, particularly the condtUaner 
compositions, contain ambio or qtratemary anmonium hydrophilic moieties which are positively charged when 
dissolved In the aqueous composition of the present invention. Cationic surfactant veMde materials among 
ttiose useful herein are disclosed In the followbig document, an tficorporated by reference herein: M. C. 
Publishing Co., McCutcheon's. Detergents & Emulstfiers , (North American edition 1979); Schwartz, et al.. 
Surface Active Agents . Their Chemistry and Technology , New York: Interscience Publishers. 1949; U.S. Patent 
3,155,591, Hilfer, issued Novembers. 1964; US. Patent 3.929.678. LaughHn, et aL, issued December 30, 1975; 
U.S. Patent 3,^9.461. BaH^ et al.. Issued May 25, 1976; and U.S. Patent 4.387.090. Bolch Jr^ issued June 7. 
1983. 

Among the quartemaiy ammonium-containing cationic surfactant materials useftil herein are ttiose of the 

general formula: 



wherein Ri is hydrogen, an aliphatic group of from 1 to 22 carbon atoms, or an aromatic, aryl or alkylaryl group 
having from 12 to 22 carbon atoms; Rz Is an allphaUc group fiavlng from 1 to 22 carbon atoms; Rs and R4 are 
each alkyi groups having from 1 to 3 carbon atoms, and X is an anton selected from halogen, acetate, 
phosphate, nitrate and alkylsufete radicals. The aliphatic groups may contain, in addition to carbon and 
t^drogen atoms, ether linkages, and other groups such as amido gvups. 
Other quBtsmary ammonium salts useAil herein are of the formula 



wherein Ri Is an allphatk; group having from 18 to 22 carbon atoms, R2, R3, R4, Rs and Ra are selected from 
hydrogen and alkyi having from 1 to 4 carbon atoms, and X is an ion selected from halogen, acetate, 
phosphate, nitrate and alkyi sulfate radk;als. Such quaternary ammonium salts includa tallow propane 
dlammonium dichloride. 

Preferred quatemary ammonium salts include dlalkykOmethylammonlum chk>ridss. wherein In the alkyi 
groups have from 12 to 22 carbon atoms and are derived from long-chain faf^ adds, such as hydrogsnated 
tallow fatty add. (TaOowfatty adds give rise to quartemary compounds wherein Ri and R2 have predominately 
from 16 to 18 carbon atoms.) Examples of quaternary ammonium salts useful In the present inventkin inchide 
ditallowdlmethyl ammonium ohtotfde. dttallowtftnettiyl ammonium mettiyl sulfate. CHhexadecyl dimethyl 
ammonium chloride. di(hydrogenaled tallow) dimetivl ammonium chtorlde. dkxsladeoyi dimethyl ammonium 
chloride, dieicosyl dimethyl ammonium chloride, dklbcosyl dimethyl ammonium cMoilde, di(hydrogenated 
tallow} dimethyl ammonium acetate;, cfihracadecyi dimethyl ammoroum chloride, dihexadecyi dimethyl 
ammonium acetate, dItaUow dipropyl ammordum phosphate, ditailow dimethyl ammonhim nitrate, di(coconu- 
talkyl) dimethyl ammonium chloride, and stearyi dnnethyl benzyl ammonium chloride. Ditaflow (fimethyl 
ammonium chloride, dicetyi dimethyl ammonium chkxide. stearyi dimethyl benzyl ammonium chloride and 
cetyl frimethyi armnonum chloride are prefened quatemary ammoruum sdts usefii herem. Di-(hydrogenated 
tallow) dbneitt^ ammonium chk>ride is a particularly prefened quartemary ammonium salt 

Salts of prinnry. secondary and tertiary ferity amines are also prefened cationic surfacte^ 
The dkyi groups of such amines preferably have from 12 to 22 carison atoms, and nruy be substituted or 
unstubstituted. Secondary and tertiary amines are preferred, tertiary amines are particularty preferred. Such 
amines, useful herein, include stearamklo propyl dimett^ anttie. diethyl amino ethyl stearamkle. dimethyl 
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stearamine, dimethyl soyamine, soyamine, myristyl amine, tridecyl amine, etiiyl stearylamfne, N-tallowpropane 
diamine, etlioxylated (5 moles E.O.) stearylamlne, dihyrdroj^ ethyl stearylamine, and arachidylbehenylamine. 
Suitable amine salts include the halogen, acetate, phosphide, nttrate, citrate, lactate and allcyl sulfate salts. 
Such salts include stearylamlne hydrochloride, soyamine chloilde, stearylamine formate and N-tallowpropane 
diamine dichloride and stearamidopropyl dimethylamine citrate. Cationic amine surfactants include among 
these useful in the present invention are disclosed in U.S. Patent 4,275,055 , Nach^, et al., issued June 23, 
1981 (incorporated by reference herein.) 

Zwitterlonic surfactants, useful In shampoos as wall as conditioners, can be exen^lifled by those which can 
be broadly described as derivatives of aliphatic quaternary ammoniiim, pho^onkim, and aulfonlum 
compounds, in which the aliphatic radicals can be straight chain or branched, and wherein one of the aliphatic 
aubstltuents contains from 8 to 18 cartran atoms and one contains an anionle water-solublllzing group, e.g., 
cabaay, sulfonate, sulfate, phosphate, or phosphonate. A general fonnula for these compounds Is: 



CH- 



wherein contains an alkyi, atkenyl, or hydroxy alkyi radical of from about 8 to aijout 1 8 carbon atoms, from 0 
to about 10 ethylene oxide moieties and from 0 to 1 gi^eryl moiety; Y is selected from the group consisting of 
nitrogen, phosphorus, and sulfur atoms; Is an ailqrl or monot^roxyalkyl group containing 1 to about 3 
carbon atoms; X Is 1 when Y is a sulfur atom and 2 when Y is a nitrogen or phosphorus atom; is an alk^ene 
or hydraxysli^iens of from 1 to about 4 oart>on atoms and Z Is a radical selected trom the group consistbig of 
carboj^ate, sulfonate, suHlBte, phosphonate, and phosphate groups. 

Examples Include: 
4-[N,N-di(2-hyroxyethyl]44-octadecylamrnonioHHJtane-1-ca[tx>]^ate; 
6-[S-3-hydroxypropyl-S-hexadecylsulfonio]-3-liydFoxypentaie-1-sulfate; 
3-[P,P-diethyl-P-3,6,9-trioxatetradexocylphosphonio]-2-hydro}9propane-1-pho8phate: 
3-[N,N-dipropyl-N-3-dodecoxy-2-hydroxypropylammonlo]-propane-1-phosphonate; 
3*(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate; 

3- (N,N-dlmethyi-N-hexadecyiammonio)-2-hydroxypropane-1-sulfonate; 

4- [N,N-dl(2-hydroxyethyl)-N-(2-hydroxydodecyl)ammonio]-butane-1-carbo}^late; 
3-[8-ethyt-S-(3-dodecoxy-24iydroxypropyl)suifonio]-propane-1-phosphate; 
3-[P,P-dlmethyM*-dode(^phosphonlo]-propane-1-phosphonate; and 
6-|T4,N<il(3-hydro)Vpropyl)-li4iexadecylanimonlo]-24iydro]9penta^ 

Other avttteilonios such as betalnes are aleo useful In the present invention. Examples of betaines useful 
herein include the high alkyi betalnes such as coco dimethyl carb<»(ymethyl betalne, lauryl dimethyl 
carboxymethyl betaine, lauryl dimethyl alphacarboxy-ethyl betalne, cetyf dimethyl carboxymethyl betalne, 
lauryl bis-(2-hydroxy-ethyl) carboxy methyl betaine, stearyl bis-(2-hydro)^-propyQ carboxymethyl betalne, 
oleyl dimathyl gamma-carboxypropyl betaine, lauryl bis-(2-hydrDxypropyO alpha-carboxyethyt betaine, etc. The 
sulfobetaines may be represented by coco dimethyl sulfopropyl betalne, stearyl dhneti^l sulfopropyl betain, 
lauryl dimethyl sutfoethyl betaine, lauryl bis-(2-hydroxy-ethyl) sulfopropyl betaine and the like; amido betianes 
andamidosulfobetalnes, wherein the RCONIH(CH2)3 radical is attached to the nitrogen atom of the betaine are 
also useful in this Invention. The amIdo betaines are preferred for use in some of the compositions of this 
Invention. 

Examples of amphoteric surfactants whksh can be used in the compositions of the present Invention are 
those whkih can be broadly described as derlvates of aliphatic secondary and tertiary amines in which the 
aliphatic radteal can be straight chain or branched and wherein one of the aliphatic substituente contakis trom 
about 8 to about 18 carbon atoms and one contains an anionic water solubilizing group, e.g., carboj^, 
sulfonate, sulfats, phosphate, or phosphonate. Examples of compounds falling within this deflnMon are 
sodium 3-dodecyl-aminopropionate, sodium 3-dbdecylaminopropane sulfonate. N-alkyttaurines such as the 
one prepared by reacting dodecylamine with sodium isethkxiate according to the teaching of U.S. Patent 
2,658,072 , N-hlgher alkyi aspartic acids .such as those produced according to the teaching of U.S. Patent 
2,438,091 . and tiie products sold under tfie trade name 'lUiiranol' and described in U.S. Patent 2,528.378 . 

The above-mentioned surfactants can be used atone or in combination in the hair care compositions of the 
present invention. The alkyi sulfates, the ethoxylated alkyi sulfates and mixtures thereof are preferred for use 
herein. 

Where the hair care compositions are conditioner compositkms, preferred optional components include gel 
vehicle materials. The vehicle comprises two essential components: a lipid vehicle material and a cationic 
surfactant vehicle materlaL Such gel-type vehicles are generally descrSied in the fdkwiring documents, all 
incorporated by reference herein: Barry, 'The Self Bodying Action of ttie Mixed Emul^er Sodlwn Dodecyi 
Sulfate/Cetyl Aksohoi', 28 J. of Colloid and interface Science 82^1 (1968); Bany. et al.. The Setf-Bodying 
Action of All^itrimethylammonlum Bromides/Cetosteavyl Alcohol Mixed EmirisSiers; Influence of Quaternary 
Chain Lengtt>'. 35 J. of Colloid and Interface Sdence 689-708 (1971); and Bany. et al.. "Rheotogy of ^fstems 
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Containing Cstomacfogol 1000 - Cetostearyl Alcohol, I Self Boding Action*, 38 J. of Colloid and Intsrtace 
ScienoB 616-6ffi (1972). 

Upld vehicfe materia!: 

s The vehicles Incorporate one or more lipid materiais. (herein refierred to as comprising a "lipid vehicle 
material', singly or In combination) which are essential^ water-insoluble, and contain hydrophobic and 
hydrophOic moeities. Upld vehicle materials Include luiturally or synthetically-derived acids, acid derivatives, 
alcohols, esters, ethers, ketones, and amides with carbon chains of from 12 to 22, preferably from 16 to 18, 
carbon atoms in length. Fat^ alcohols and fatty esters are preferred; fatly alcohols are partlculary prefen-ed. 

10 U'pid vehicle materials among those useful herein are disclosed in Bailey's Industrial Oil and Fat Products , 
(3d edition. D. Swanu ed. 1979) (incorporated by reference herein). Fatty ak5oh<^ Included among those 
useful herein are disclosed m the foOowing documents, all incorporated by ralferenoe herein: U.S. Patent 
3.155,691. Hlifer. Issued November 3. 1964; U.S. Patent 4.165,369. Watanabe. et al.. Issued August 21. 1979; 
US. Patent Vlllamarin. et al.. issued May 26, 1981; Britfeh SpecMcatton 1.S32.686. pubBshed 

15 November 15, 1978; and Fulaishima. et aL. "TTw Effect of Cetcotearyl Alcohol in Cosmetic Emulsions*, 98 
Cosmetics & Toiletries 8&-102 (1983). Fatty esters included amonth those useful herein are disclosed in U.S. 
Patent 3.341,465. Kaufman, et al., issued September 12. 1967 Oncorporated by inference her^.) 

Preferred esters for use herein include celyl palmitate and glycerybnonostearate. Cetyl alcohol and stearyl 
alcohol are prefen-ed alcohols. A particularly preferred lipid vehicle material is comprised of a mixture of ce^ 

20 alcohol and stearyl alcohol containing ftxrni cdjout 55% to about 6S% (by weight of mixture] of cetyl aicohoL 
Other vehicles, suitable for use with fte rigid silicones herein are. for example, tonics, mousses and 
hairsprays. Tonics utilize a solvent such as water or alcohol wMIe mousses and hairsprays additionally utilce a 
propellant such as trichlorofluoromethane, cBchlorodlfluoromethane, dtmethyiether. propane, n-butane or 
isobutane in addition to the rigid silicone and optional components as set forth below. The level of propeOant 

Z can be adjusted as desired but is generally from about 3<Mi to about 30<Vb for mousses and from about 15<Vb Id 
about 40% for hairsprays. 

The hair care compositions herein can contain a variety of other oplionai componente suit^le for renderfng 
such compoalHons more acceptable. Such conventional optional ingredients are well known to those sklRed fn 
the art. e^.. pearieacentalds such as ethylene glycol distearate; preservatives such as benzyl alcohol, methyl 

30 paraben. propyl paraben and bnidBzolidinyl urea; thickeners and viscosity modifiers such as a diethanotamlde 
of a long chain laXty add (e.g. PEG 3 lauite diethandamlde). cocomonoethanol amWe. dimethlcone copolyols. 
guar gum, metf^l cellulose starches and starch derivatives, fatty ateohois such as cetearyl alcohol, sodium 
chloride, sodium sidfate. polyvlriyl alcohol, and ethyl alcohol: pH adjusting agente such as citric acid, sodium 
citrate, succinic acid, phoeidwrfe acid, sodium hydroxide, sodium carbonate, etc.; coloring agents such as any 

as of the FD&C or D&C dyes; hair wddlzing (bleaching) agents such as hydrogen peroxide, perborate and 
persutfate salts, hair reducing agente such as the thiogylcolates; perfumes; and. sequestering agents such as 
disodium ethylenediamine tetraacetate, polymer plastioizing agente such as glycerin and propylene glycol. 
Such agente generally are used indhriduaByat alevel of fixim about 0J)1% to about 10%, preterabiyltom about 
0.05% to about SJyVb by weight of the composilion. 

40 The pH of the present composHions is not critical and may be In the range of from about 3 to about ia 
As with ail compositions, the present compositions should not contain componente which unduly interfere 
with the perfomiance of the composHfons. 

IKEmOD OF l>4ANUFACrURE 
45 Methods of manufacture of various ^s of hair care composHons are described in the following examples. 

INDUSTRIAL APUCABIUTY 

The present compositions are used In a conventional manner varying wRh the type of composition 
described. 

50 The foUovidng Examples further illustrate the prefemed embodlmente wtttrin the scope of the present 
inventton. The Examples are given sole^ for the purposes of llustrBtlon and are not to be construed as 
limitations of the present invention as many variatkxis of the invention are possible without departing from Ite 
spirit and scope. 

SS EXAMPLE 1 

Shampoo Compositions 



eo 



6? 
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Component 
Ammonium iauryl sulfate 
EDTA 
Citric add 
Sodium hydroxide 
Cocamide MEA 
Glycol distearate 
Ammonium laureth-3 sulfate 
Cetearyl alcohtol 
Silicone premix (see examples) 
Preservative 
Fragrance 



Weiglit % 

8.59 

0.20 

0.79 

0.75 

1.00 

1.50 
12.09 

0.10 



Distilled water 

^ : Level of silicone premix varies with selection 



0.03 

0.30 
q.s. 



Silicone Premixes: 
D-5 cyciomethicone 
Polydimethyl siloxane^ 
Silica^ 

Silicone elastomer^ 
4 

Purified resin 



Diphenyldimethyl siloxane 
5 

gum 



I 

1.50 
1.50 
0.26 



ill 
1.50 
0.30 



iV 
1.50 



SE-76 gum, supplied by General Electric Company 
Cab-O-Sil HS-5, supplied by Cabot Corporation 
Silicone elastomer Q3-5205, supplied by Dow Corning 
Corporation 

SR-545 resin, supplied by General Electric Company 
SE54 gum supplied by General Electric Company 
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I: The poiydimethyl stioxane and silica are intimately mixed in a 
high shear ribbon mix for at least 2 hours. The blend is 
^ then dissolved in the D-5 cyclomethicone to form the silicone 

premix. 

II. The silicone elastomer is added directly to- the batch. 

ML The resin is received as a solution in toluene. The toluene 
is stripped completely, and the purified resin is dissolved 
with the polydimethyistloxane in the cyclomethicone. 

IS 

Ammonium lauryl suHate, EDTA. citric add. and sodhjm hydroxide are added to the distilled water at afciout 
IS^C. The mixture is healed to from 7(J°C to eOPC. The cocamide MEA and glycol distearate are added at this 
point. The ammonium laureth-3 sulfate, ceteaiyf alcohol and silicone premix are blended at from TCC to 90° C. 
This mixture is added to the baSsjh follovnng the glycol distearate. The preserwaflve is then added. The batch Is 
20 mixed for 5 minutes then cooled to loom tempeiBture (IS'C to ZS'C). The ftagrance is added, then the batch 
is mflled under high shear far at least 5 minutes usbig conventional milling appaatus. 



EXAMPLE 2 

2? Mousse Compositions 

Hie folowing composition was prepared: 

Component Weight % 

30 Luviskol* VA55E (50% active)^ 9.00 

Propylene glycol 2.00 

Carbopoiv 934^ 0.20 

gs Cocodlmethyl amine oxide 0.25 

Aminomethyl propanol 0.30 

Glydant® ^ 0.37 

40 Perfume 0.10 
D.C.Q3-5025 silicone elastomer 

(10% active)'* 2.50 

415 A-46 propellant^ tO.OO 

Double reverse osmosis water q.s. lOfli 



' PVP/PVA Copolymer offered by BASF 
® ^ Carboxyvlnyl polymer offered by B.F. Goodrich Co. 

^ Preservative offered by Clyco Chemical Co. 
Silicone elastomer offered by Dow Coming 
^ ^ A mixture of propane (20%), isobutane .(78%) and 

n-butane (2%) offered by Phillips Petroleum Company 

60 

EMI PA=21 FR=1 HE=40 WI=125TI=TAB 

The aerosol mousses of the present invention are prepared by combining ail ingredients except the aerosol 
propeUant mto a batdi csdied the- concentrate. This concentrate is made by slurrying the Carbopol with 
es a^tetOon bi ttie waterfor several rrniutes until there are no Carbopol lumps. To this is added the amtnoraethyt 
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propanol while increasing the agitator speed to accommodate the increase in viscosity accompanying 
neutralization. Maintaining vigorous agitation, the remaining ingredients except for Glydant and silicone 
elastomer are added and mixed un«i wefl dispersed. The Glydant and silicone elastomer are finally added and 
mixing continued until these are thoroughly dispersed. The resulting concentTBte is very thick with a pH of 8.2. 
Aerosol mousse cans are prepared by placing 135 grams of concentrate into 5 oz. aluminum monobloc (epoxy 
rming) cans, placing mousse valves on can tops, drawing a vacuim to evacuate can headspace (to remove air), 
and crimping the valve Into place. The propellant (15 grams) is added by pressure filling through the valve 
stem. 

EXAMPLE a 

This is another example of a composition which was prepared. 

Component Weight % 

Luvlskol K-30^ (30% active) 2.00 
Xanthan gum 0.70 
Glydant 0.37 
Nonoxynol-14 1.00 
D.C. Q3-5024 silicone elastomer 

(«»0% active)^ 1.00 
A-70 propellant^ 5.00 
Double reverse osmosis water q.s. 100% 

^ PVP polymer offered by BASF 
^ Silicone elastomer offered by Dow Corning 
^ A mixture of propane and isobutane offered by Phillips 
Petroleum Company 



The following Is another mousse composition representative of the present invention. ^ 



Component 


Weiqht % 


Cantrez* ES 225^ (50% active) 


fl.OO 


Carbopol 941 


0.20 


Aminomethyl propanol 


0.80 


Glydant 


0.37 


A-46 


8.00 


D.C. Q3-5024 silicone elastomer 


.50 


(40% active] 




Double reverse osmosis H^O 


q.s. 100% 



Copolymer of methylvinyl ether/maleic anhydride offered 
by CAF 
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EXAMPLES 

CondtBoner Connposttions 
A hair conditioner, according to the present inventton, was made comprising: 





Component 


Weight % 




Hydroxyethyl cellulose 


0.50 




Quaternlum-is' 


0.85 




Dfmethicone copolyol^ 


0.10 




Cetyl alcohol 


1.00 




Stearyi alcohol 


0,75 




Ceteareth-20 


0.35 




Stearamidopropyl dlmethylamine^ 


0.50 




Glycerol monostearate 


0.25 




Citric add 


0.13 




Fragrance 


0.20 


SB 


Preservative 


0.03 




Rigid silicone premix'* (see examples] 






Distilled water 


q.S. 1001 



SO : Adogen 442-100?, Sherex Chemical Company 

^: Dow Corning 190 Silicone Surfactant 

^: Lexamine S-13, Inolex Corporation 

^ Amount varies with type of premix selected 



Rigid SiioonB Premix Examples 



Weight % 



Component (total batch ) 
Polydimethylsiloxane^ 0.30 
Silica^ 0.05 
D-5 cyclomethicone 1.70 



SE-76 gum. General Electric Company 
Cab-0-SiI HS-5, Cabot Corporation' 



The polydimethyl sHoxane and silica are intimately mixed for at least 4 hours in a high shear ribbon mixer. The 
60 resulting blend is dissolved in the cyicomethicone to form the premix used in the base fonnula. 



£5 
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Weight % 

Component ( total batch ) 

Poiydiphenyldimethyl siloxane^ 0.30 
D-5 cyclomethicone 1.70 
^: SE-54 gum. General Electric Company 



In place of the gum, a sHicone resin may be used to fomi another premix. 

Hydroxyethyl cellulose is added to the dlsUiled water at a temperature of 16° C to 40° C. This mixture Is well 
dispersed, then heated to a temperature of from 60»C to «fC. Materials 2 through 8 are added to the batch 
while the temperature Is m^ntalned in this range. The mixture is stin^d for approximately 10 minutes, then 
cooled to apprtaclmately 50°C. The remaining materials are added to this temperature. The mixture Is milled 
under high shear for approximately 2 minutes using a conventional mOiing apparatus, then cooled to room 
temperature and collected. 

EXAMPLE 6 

A conditioner composition according to the present Invention, Is as follows: 



Component 


Weight % 


Hydroxyethyl cellulose 


0.50 


Quaternium-1 8 


0.40 


Dimethicone copolyol 


0.10 


Cetyl alcohol 


1.00 


Stearyl alcohol 


0.75 


Ceteareth-20 


0.35 


Stearamldopropyl dimethylamlne 


0.50 


Glyceryl monostearate 


0.25 


Citric acid 


0.13 


Fragrance 


0.20 


Preservative 


0.03 


Silicone elastomer^ 


1.00 


Double reverse osmosis water 


q.S. 100% 



^: Silicone Elastomer Q3-5205, Dow Corning Corporation 
A hair conditioning product, as comprised above, was made in a manner similar to that described in the base 
formula. This product, when applied to human hair, is useful as a hair conditioner. The silicone elastomer is 
added directly to the base fomiula. 

EXAMPLE? 

An aerosol halrspray composition of the present invention is as follows: 



es 



t3 



Component Weight % 
A-31 Propeilant^ 75.00 
SDA40 200 proof ethanol 22.00 
Silicone pretnix 3.00 

SHicone Premix Parts 
Polydlmethyi siloxane^ 2.50 
Silica^ .50 
isobutane offered by Phillips Petroleum Company 
SE-76 gum, supplied by General Electric Company 
Cab-O-Sil HS-5, Cabot Corporation 



The polydlmethyi slloxane and silica are initlmately mixed in a high shear n'bbon mixer for at least 4 hours. 

Aerosol halrspray cans are then prepared by adding 3 grams of silicone premix and 22 grama SDA40 200 
proof ethanol to the aerosol can, placing valves on can tops, drawing a vacuum to evacuate can headspaoe (to 
remove air), and crimping valves into place. The propellent (75 grams) is added by pressure flUng through the 
valve stem. 

A pr«rdx containing 1<M) of the slloxane gum and 2<M> of purified reabi SR545 may be used in plaoe of the 



EXAMPLES 

The following is a pump spray tonic compostflon of the present invention: 

Component Weight % 

Die Q3-5025 silicone 4.00 
Elastomer (40% active) 

Sodium lauryl sulfate 0.20 
.Glydant 0.37 
Perfume 0.01 

Double reverse osmosis water q.s. to 100% 



The ingradlants are added In order, water, sodium lauryl sulfate, perfume. GUydant, and sHcone elastomer. 
The batch Is ndxad at ambient tmiperature for 20 minutes. The batch is then placed bi pump bottle. 

EXAMPLES 

The following Is a styling composition of the present Invention: 
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Component Weight % 

SDA HQ ethanoi 40.00 

Cyclomethicone (D^) 2.00 
1 

Silicone gum .05 

Benzoyl peroxide .00005 

Fragrance .05 

Double reverse osmosis water q.s. 100% 



The sHioone premlx is prepared by first crossllnWng the silicone gum with benzoyl peroxide. This la 
accomplished by thoroughly blending the benzoyl peroxide bito the silicone gum with a ribbon or other 
suitable mixer. This mixture is then heated to about 150'C for twenty minutes. The result crosslinked gum is 
then mixed with the cylciomethicone for several hours untB it has fully dispersed. 

The tonic itself is prepared by simply adding the premlx to the water, fragrance, and ethanoi. 

1; SE76 offered by General Electric 

EXAMPLE 10 

The following is another hair tonic composition of the present invention: 

Component Weight % 

Ethanoi (SDA 40) 40.0 
D-4 cyciomethiconet 1.56 
Dimethicone gum^ 0.013 
Silica^ 0.0024 
•Fragrance 0.20 

Water q.s. 100% 
' : SE-76 from General Electric 
^: Cab-O-Sfl HS-5 from Cabot 



The silica and dimethicone gum are intimately mixed for at least 2 hours in a high shear ribbon mixer. This 
compound is then dissolved in the cyclomethicone. This blend is added to the rest of the tonic formula. 

EXAMPLE 11 

The following is another hair tonic composition of the present invention: 



Component 


Weight % 


Ethanoi (SDA 40) 


40.0 


D-5 cyciomethicone 


2.0 


Poiydiphenyldimethyl siloxane^ 


0.05 


Fragrance 


' 0.20 


Water 


q.s.100% 



SE-54, Generai Electric 
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EXAMPLE 12 

The foOowing is yet another hair tonic composifion of the present invention: 



Component Weight % 

Fragrance± 0.2 

Ethanol (SDA 40) 30.0 

D-5 cydomethfcone 1.5 

Dimethicone gum^ 0.187 

Purified resin SR545^ 0.375 

Water q.s.100% 



: SE-76, General Electric 
^: The resin is received as a solution in toluene from General 
Electric. The toluene is stripped completely, and the purified 
resin is dissolved at 30% in cyclomethicone. The dimethicone is 
also dissolved in a separate solution with cyclomethicone. The 
•two soiutlons are blended together. This mixture is added to the 
rest of the formula. 



30 



3B 1 . A hair care composition comprfsing: 

a) from about 0.01(Vb to about 10% of a rigid sHteonepo^rmer having acomplexvisoosityaf at leastZx 10^ 
poise; and 

b) a volatOe carrier 

wqherein if water is the sole carrier a surfacfant is also present 
40 2. A hair care composition according to Cltdm 1 wheraln the rigid silicons polymer is selectsd Drom the 

group consisting of organic substituted slioxane gums, silicone elastomers, ffller reinforced dimsthyt 

silc»{ane gums, resin reinforced sDoxanes and crossliniced siioxane polymers. 
3. A hair care composition according to Claims 1 or 2 wherein the volatile earner is a cyclic sicone 

containing from about 3 to about 7 siOcon atoms. 
45 4. A hafr care composition according to aaim 1 or2whereinthevolatilecanferis water. 

5. A hair care con^ioaiHon acconing to Claims 1 , 2 or 4 in the form of a shampoo which addiUonaily 
contains a synthetic suritetant 

6. A hair cars composition according to Claim 5 wherein the rigid sWoone polymer Is a slica reinforced 
(flmettvl sfl(B(ane gum. 

so 7.AhaircarBCompositionaccor(fngtoClaims1.2,3or4inthefpnnofacon<0Boner. 

8. A haircare compocdtton according to Claim 7 which in addition containB a lipid material and a caUonic 
surfactant. 

9. Ahabrcare composition according to Claims 1, 2, 3 or4in thefonm of ahair tonic. 
10. A hair care composition according to Claims 1 , 2, 3 or 4 in the form of a halrsprsy. 

5? 11. A haircare composition according to Claims 1, 2. 3 or 4 in tfiefbrm of amousse. 

12. Ahaii- care composition comprismg: 

a) from about 0.05% to about 7% of a rigid sffloone polymer selected from the group consisting of 
taier reinforced potydimethyisiioxane polymers, silicone elastomers and poiytflphenyl-dimeffiyl 
siioxane polymers; and 
60 b) a volatiie carrier. 
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(54) Tide: HAIR SPRAY COMPOSITIONS WITH IONIC STYUNG POLYMER 
(ST) Abstract 

Liquid bur stySng composition useful for spray apfdication to hair which comprises : (a) an bnic hair s^ing polymer hav- 
uig a Wright average molecular weight of at least about 300,000 ; (b) a liquid vehide sdected from the group consisting of water, 
CfCg monofaydric alcohds, and mixtures thereof; (c) an effective amount of an ionic strengtii modifier system for reducing 
viscosity of the composition, said system consisting essentially of a mixture of non-surface active cations and anions, wher- 
ein said cations and anions are at least partially soluble in said liquid carrier; said composition having a pH of about 10 or 
less. In yet another aspect of this invention, provided are reduced volatile organic solvent hair spray compositions having 
improveid hair feel comprinng silicone-oontaimng hair setting polymer, an effective amount of an ionic strength modifier 
system for redudng viscosity of the compositions, as desoibed above, and a liquid vdiide whidi comprises a mixture of m- 
ter witii oiw or more Ci-C^ monohydric alcohols, wherein said composition comprises at least about 10 %, by weight, water. 
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HAIR SPRAY COMPOSITIONS WW lOHIC STYLING POLYMER 



5 



TECHNICAL FIELD 

The present invention relates to hair spray compositions 

10 which comprise a high molecular weight hair styling polymer. More 
particularly, this invention relates to hair spray compositions 
containing high molecular weight hair styling polymer and having 
improved sprayability. 

BACKGROUND OF THE INVENTION 

15 The desire to have the hair retain a particular shape Is 

widely held. A conmon methodology for accomplishing this Is 
applying hair styling, or hair "setting" compositions to the hair, 
typically to damp or dry hair. These coa^osltlons provide tem- 
porary setting benefits, and should be removabTe by water and/or 

20 by shampooing. The materials used in the conposltions to provide 
the setting benefits are generally applied in the form of mousses, 
gels, lotions or sprays. 

High levels of style retention, or hold, are typically 
expected from hair styling compositions applied as a spray. Style 

25 retention is typically achieved by the use of resins, such as 
AMPHOMER, supplied by National Starch, and GANTREZ SP 225, sup- 
plied by GAF. As used in commercially sold hair spray products, 
these resins generally have a weight average molecular weight of 
from about 40,000 to about 150,000. When such resins are incor- 

30 porated Into pump and aerosol hair sprays, they can provide a 
combination of suitable style retention and good sprayability. 
"Sprayability* refers to the spray quality and pattern. Good 
sprayability for hair spray formulations Is characterized by a 
wide spray pattern without a wet, drippy center, and by suf- 

35 flciently small droplet size to provide a fine mist. 
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It remains desirable, however, to provide hair spray com- 
positions that have improved hold and style retention performance. 
One technique for providing improved style retention for liquid 
hair spray compositions would be to utilize higher molecular 
5 weight hair styling resin. Alternately, this could reduce the 
amount of resin needed to provide a particular level of style 
retention. High molecular weight hair styling polymers, when 
utilized coninercially, have typically been formulated as gels, 
lotions, or other non- spray compositions. Unfortunately, high 

10 molecular weight resins in liquid hair spray formulations tend to 
suffer from poor sprayability. More specifically, such 
formulations tend to have spray quality characterized by reduced 
spray pattern diameter, increased incidence of wet, drippy 
centers, and a tendency toward larger droplet size or streaming 

15 upon spraying, as opposed to a fine mist. This can result In 
overly heavy concentrations of hair spray in regions of the hair, 
causing the hair to be too stiff in those regions, whereas other 
areas may have too little hair spray applied and, consequently, 
have poor style retention and hold. 

20 Thus, it is an object of this invention to provide liquid 

hair spray compositions utilizing high molecular weight styling 
resins that can provide Improved style retention and retain good 
sprayability characteristics. 

Recently, it has been found that certain polymers having 

25 silicone macromer portions can provide good style retention 
benefits to the hair while also providing improved hair feel. In 
other words, such silicone raacromer-containing polymers can impart 
a tactile sense of softness and conditioning to the hair relative 
to conventional, non-silicone-containing resins. Silicone 

30 macromer-containing hair styling polymers and formulations 
containing them are disclosed, for example, in EPO Application 
90307528.1, published as EPO Application 0 408 311 A2 on January 
11, 1991, Hayama, et al., U.S. Patent 5,061,481, issued October 
29, 1991, Suzuki et al., U.S. Patent 5,106,609, Bolich et al., 

35 issued April 21, 1992, U.S. Patent 5,100,658, Bolich et al., 
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Issued March 31, 1992, U.S. Patent 5,100,657, Ansher- Jackson, et 
a1.. Issued March 31, 1992, U.S. Patent 5,104,646, Bolich et al., 
issued April 14, 1992, U.S. Serial No. 07/758,319f Bolich et al, 
filed August 27, 1991, and U.S. Serial No. 07/758,320? Torgerson 
^ et al., filed August 27, 1991, all of which are Incorporated by 
reference herein. 

Whereas these silicone nacroaer-contalning hair styling 
polymers can provide good overall hair styling performance with a 
desirable hair conditioning effect, they are preferably used in 
hair spray at relatively high molecular weights, compared to most 
coRmercial products (although they can also be used at more 
conventional hair spray resin molecular weights (eg., about 50,000 
to about 150,000 weight average molecular weight). Furthermore, 
they are difficult to formulate into a hair spray composition with 

15 good sprayabllity characteristics. 

Therefore, it is another object of this Invention to provide 
liquid hair spray compositions containing high molecular weight 
silicone-contalnlng hair styling polymers which have improved 
spray characteristics. 

20 It is also desirable to formulate halrsprsiy compositions with 

reduced levels of volatile organic solvents, e.g., ethanol, 
propanol, etc. One way to do this is to Increase the amount of 
water present in the composition at the expense of the volatile 
organic solvent. Unfortunately, this tends to adversely affect 

25 hairspray performance, especially drying time upon application, 
spray quality, and hair feel. This is particularly a problem for 
reduced volatile organic solvent compositions utilizing silicone 
macrwner-containing hair setting resins. It is especially diffi- 
cult to obtain good spray quality and hair feel from high water 

30 content compositions. 

It is yet another object of this invention to obtain improved 
hairspray coo^osltlons containing silicone macromer-containing 
hair setting resins having reduced volatile organic solvents. 

These and other objects as may be apparent to one skilled in 

35 the art can be obtained by the Invention hereof, which is des- 
cribed In the description which follows. Unless otherwise in- 
(*eqiiivalent to EF 0412704 and 0412707. pnblldied 13 Febrtiazy 1991) 
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dicated, all percentages and ratios herein are by weight. 

SUMMARY OF THE INVENTION 
The present invention provides improved sprayability hair 
spray compositions with high molecular weight hair styling poly- 
5 mers that can provide excellent hair styling/hold benefits upon 
spray application to the hair. _ 

According to the present invention, sprayability of high 
molecular weight polymers can be improved through the use of ionic 
strength modifier systems consisting essentially of mixtures of 
10 non-surface active anions and cations. It is an essential aspect 
of the invention that the hair styling polymer also be of an ionic 
character. 

More specifically, the present invention relates to a liquid 
hair styling composition useful for spray application to hair 
15 which comprises: 

(a) an ionic hair styling polymer having a weight average 
molecular weight of at least about 300,000; 

(b) a liquid vehicle selected from the group consisting of 
water, Ci-Cg, preferably C^-C*, monohydric alcohols, and 

20 mixtures thereof; 

(c) an effective amount of an ionic strength modifier system 
for reducing viscosity of the composition, said system 
consisting essentially of a mixture of non-surface 
active cations and anions, wherein said cations and 

25 anions are at least partially soluble in said liquid 

carrier; 

said composition having a pH of about 10 or less. 

In one aspect of the invention, the high molecular weight 
hair styling polymer can be any of the conventional classes of 
30 hair styling or hair setting polymers In the art, i.e., polymers 
free of silicone portions. 

In another aspect of the invention, the high molecular weight 
polymer is a silicone macromer-containing hair setting polymer 
that can provide hair styling and hold benefits while also 
35 providing improved softness to the hair relative to 
non-sllicone-containing polymers. In yet another aspect of this 
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invention, provided are reduced volatile 

organic solvent halrspray compositions having improved hair feel 
comprising silicone-containing hair setting polymer, an effective 
amount of an ionic strength modifier system for reducing viscosity 
^ of the compositions, as described above, and a liquid vehicle 
which comprises a mixture of water with one or more Cj-Cb, 
preferably C2-C4, monohydric alcohols, wherein said composition 
comprises at least about lOX, by weight, water. 

DETAILED DESCRIPTION OF THE INVENTION 

10 The essential as well as various optional components are 

described below. 
Hair StvUno Polvmer 

The compositions of the present invention contain an effec- 
tive amount of a high molecular weight hair styling polymer to 

IS impart styling benefits upon application to hair. As used herein, 
"hair styling polymer" means any polymer, natural or synthetic, 
that can provide hair setting benefits. Polymers of this type are 
well known in the art. Generally, the level of hair styling 
polymer used will be at least about 0.1%, by weight, of the compo- 

20 sition. Typically, it will be present at a level of from about 
O.IX to about ISX, preferably from about 0.5% to about 8%. 

The hair styling polymers hereof also are of ionic character. 
As used herein, "ionic hair styling polymer", or the term "Ionic 
character" in reference to hair styling polymers or monomers of 

25 which such hair styling polymers are comprised, means hair styling 
polymers that are anionic, cationic, amphoteric, zwitterionic, or 
otherwise can exist in the liquid vehicle of the hair styling 
composition in dissociated form. 

Any type of ionic hair styling polymer which is soluble or 

30 dispersible in the^ liquid carrier can be used In the present 
invention. A wide variety of such types of hair styling polymers 
are known in the art. 

The ionic hair styling polymers hereof can be homopolymers, 
copolymers, terpolymers, etc. As used herein, the term "polymer" 

35 shall encompass air of such types of polymeric materials. 
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As an essential aspect, the polymers hereof must comprise 
monomers of an ionic character. For convenience in describing the 
polymers hereof, monomeric units present in the polymers may be 
referred to as the monomers from which they can be derived. The 
5 ionic monomers can be derived from polymerizable ionic starting 
monomers, or from polymerizable nonionic monomers which are 
modified subsequent to polymerization to be of Ionic character." 
Also included are corresponding salts, acids and bases of the 
monomers exemplified. 
10 Examples of anionic monomers include: 

(1) unsaturated carboxyllc acid monomers such as acrylic 
acid, methacrylic acid, maleic acid, maleic acid half ester, 
itaconic acid, fumaric acid, and crotonic acid; 

(ii) half esters of an unsaturated polybasic acid anhydride 
15 such as succinic anhydride, phthalic anhydride or the like reacted 
with a hydroxy] group-containing acrylate and/or methacrylate such 
as hydroxyethyl acrylate and, hydroxyethyl methacrylate, hydroxy- 
propyl acrylate and the like; 

(ill) monomers having a sulfonic acid group such as styrene- 
20 sulfonic acid, sulfoethyl acrylate and methacrylate, and the like; 
and 

(1v) monomers having a phosphoric acid group such as acid 
phosphooxyethyl acrylate and methacrylate, 3-chloro-2-acid phos- 
phooxypropyl acrylate and methacrylate, and the like. 
25 Examples of the cationic monomers include: 

(i) monomers derived from acrylic acid or methacrylic acid, 
which is referred to hereinafter collectively as (meth) acrylic 
acid, and a quaternarized epihalohydrin product of a trialkylamine 
having 1 to 5 carbon atoms in the alkyl such as (meth)acryl- 

30 oxypropyltriroethyl ammonium chloride and (meth)acryloxypropyl- 
tri ethyl ammonium bromide; 

(ii) amine derivatives of {meth)acrylic acid or amine 
derivatives of (meth )acryl amide derived from (meth)acrylic acid or 
(meth )acryl amide and a dialkylalkanol amine having C1-C4 alkyl 

35 groups such as dimethyl ami noethyl (meth) acrylate, dlethylamino- 
ethyl (meth) acrylate, dimethyl ami nopropyl (meth) acrylate, or 
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dimethyl ami nopropyl (meth)acryl amide; and 

(iii) derivatives of the products of the group (ii) above by 
(1) neutralization with an acid such as hydrochloric acid, or 
lactic acid, (2) modification with a halogenated alKyl, such as 
S methyl chloride, ethyl chloride, methyl bromide, or ethyl iodide, 
(3) modification with a halogenated fatty acid ester such as ethyl 
monochloroacetate, or methyl nonochloroproplonalte, and (4) 
modification with a dlalRyl sulfate such as dimethyl sulfate, or 
diethyl sulfate. 

10 Furthermore, the catlonic unsaturated monomers Include amine 

derivatives of allyl compounds such as diallyldlmethyl ammonium 
chloride and the like. 

These cationic unsaturated monomers can be polymerized in 
cationic form, or as an alternative they can be polymerized in the 

15 form of their precursors, which are then modified to be cationic, 
for example, by a quatemizing agent (e.g. ethyl monochloro- 
acetate, dimethyl sulfate, etc.). 

Examples of the amphoteric monomers include zwitterionized 
derivatives of the aforementioned amine derivatives of (meth)- 

20 acrylic acids or the amine derivatives of (meth}acry1 amide such as 
dimethyl ami noethyl {meth)acrylate, dimethyl aminopropyl(meth)acryl- 
amide by a halogenated fatty acid salt such as potassium mono- 
chloroacetate, sodium monobromopropionate, aminomethylpropanol 
salt of monochloroacetic acid, triethanol amine salts of mono- 

25 chloroacetic acid and the like; and amine derivatives of (meth)- 
acrylic acid or (meth) aery 1 amide, as discussed above, modified 
with propanesultone. 

These amphoteric monomers, like the aforementioned cationic 
monomers, can be polymerized in amphoteric form or, as an alterna- 

30 tive, they can also be polymerized in the form of their pre- 
cursors, which are then converted Into the amphoteric state. 

Preferred ionic monomers include acrylic acid, methacryllc 
acid, dimethyl ami noethyl methacrylate, quaternlzed dimethyl - 
ami noethyl methacrylate, maleic acid, maleic anhydride half 

35 esters, crotonic acid, Itaconic acid, diallyldlmethyl ammonium 
chloride, polar vinyl heterocyclics such as vinyl Imidazole, vinyl 
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pyridine, styrene sulfonate, and mixtures thereof. Especially 
preferred ionic monomers include acrylic acid, dimethyl ami noethyl 
raethacrylate, quaternized dimethyl ami noethyl methacrylate, and 
mixtures thereof. 

5 Salts of acid and amine monomers listed above can also be 

used, e.g., sodium, potassium, or other alkali or alkaline earth 
metal salts. 

The polymers hereof should contain at least about 1%, by 
weight, ionic monomer, preferably at least about 2%, more pre- 
10 ferably at least about 5%. 

The hair styling polymers hereof can also contain nonionic 
monomers including, both high polarity monomers and low polarity 
monomers. 

The ionic polymers hereof will generally comprise from about 
15 1% to 100% ionic monomers and from 0% to about 99% nonionic 
monomers, preferably from about 2% to about 75% ionic monomers and 
from about 25% to about 98% nonionic monomers, more preferably 
from about 5% to about 50% ionic monoaers and from about 50% to 
about 95% nonionic monomers. 
20 Representative examples of low polarity nonionic monomers are 

acrylic or methacrylic acid esters of Cj-Cj* alcohols, such as 
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-l- 
propanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl -1-butanol , 

1 - methyl -1-butanol, 3-methyl -1-butanol , 1 -methyl -1-pentanol, 
25 2-methyl -1-pentanol, 3-methyl -1-pentanol , t-butanol, cyclohexanol, 

2- ethyl -1-butanol, 3-heptanol, benzyl alcohol, 2-octanol, 6- 
methyl-l-heptanol, 2-ethyl -I-hexanol, 3,5-dimethyl-l-hexanol, 
3,5,5-trimethyl-I-hexanol, i-decanol, 1-dodecanol, 1-hexadecanol , 
l-octadecano1, and the like, the alcohols having from about 1-24 

30 carbon atoms with the average number of carbon atoms preferably 
being from about 4-18, more preferably from about 4-12; styrene; 
chlorostyrene; vinyl esters such as vinyl acetate; vinyl chloride; 
vinyl idene chloride; acrylonitrile; alpha -methyl styrene; t-butyl- 
styrene; butadiene; cyclohexadiene; ethylene; propylene; vinyl 

35 toluene; alkoxyalkyl (meth) aery late, such as methoxy ethyl (meth)- 
acrylate, butoxyethyl ( meth )acryl ate; and mixtures thereof. Other 
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nonionic monoBiers include acrylate and methacryl ate derivatives 
such as ally! acrylate and methacryl ate, cyclohexyl acrylate and 
nethacrylate, and methacryl ate, oleyl acrylate and methacryl ate, 
benzyl acrylate and methacryl ate, tetrahydrofurfuryl acrylate and 
^ methacryl ate, ethylene glycol d1 -acrylate and -methacryl ate, 
1,3-butyleneglycol di -acrylate and -nethacrylate, dlacetonacryl- 
amlde, isobornyl (meth)acrylate, and the like. 

Preferred nonionic nononers Include n-butyl nethacrylate, 
isobutyl nethacrylate, 2-ethylhexyl nethacrylate, methyl neth- 
acrylate, t-butyl acrylate, t-butylmethacrylate, and mixtures 
thereof. 

Representative polar nonionic monomers include aery 1 amide, 
N,N-dimethylacryl amide, methacryl amide, N-t-butyl acryl amide, 
methacrylonitrile, acryl amide, acrylate alcohols (e.g. Cj-Cs 
15 acrylate alcohols such as hydroxyethyl acrylate and hydroxyproxyl 
acrylate), methacryl ate, and hydro5(ypropyl methacryl ate, vinyl 
pyrrol idone, vinyl ethers, such as methyl vinyl ether, acyl 
lactones, vinyl pyridine, allyl alcohols, vinyl alcohols and vinyl 
caprolactam. 

20 Examples of anionic hair spray polymers are copolymers of 

vinyl acetate and crotonic acid, terpolymers of vinyl acetate, 
crotonic acid and a vinyl ester of an alpha-branched saturated 
aliphatic monocarboxylic acid such as vinyl neodecanoate; and 
copolymers of methyl vinyl ether and nialeic anhydride (molar ratio 

25 about 1:1) wherein such copolymers are 50% esterified with a 
saturated aliphatic alcohol containing from 1 to 4 carbon atoms 
such as ethanol or butanol ; and acrylic copolymers and terpolymers 
containing acrylic acid or methacryl 1c acid as the anionic radical 
containing moiety such as copolymers with methacryl ic acid, butyl 

30 acrylate, ethyl nethacrylate, etc. Another example of an acrylic 
polymer which can be employed in the compositions of the present 
invention is a polymer of tertiary- butyl acrylanlde, acrylic acid, 
and ethyl acrylate. 

An example of an amphoteric polymer which can be used In the 

35 present invention is Octyl acryl ami de/Acrylates/Butyl ami noethyl 
Nethacrylate Copolymer, described generally in U.S. Pat. No. 
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4,192,861 as being a polymer of N-tert-octyl acrylamide, methyl 
methacrylate, hydroxypropyl methacrylate, acrylic acid and t-butyl 
aminoethyl methacrylate, of appropriate molecular weight for 
purposes hereof. 

5 Examples of cationic hair spray polymers are copolymers of 

ami no-functional acrylate monomers such as lower alKylamino alKyl 
acrylate or methacrylate monomers such as dimethyl aminoethyl - 
methacrylate with compatible monomers such as N-vi nyl pyrrol i done 
or alkyl methacrylates such as methyl methacrylate and ethyl 

^° methacrylate and alkyl acrylates such as methyl acrylate and butyl 
acrylate. Cationic polymers containing N-vi nyl pyrrolidone are 
commercially available from GAP Corp. 

Still other organic, ionic hair styling polymers include 
carboxymethyl cellulose, copolymers of PVA and crotonic acid, 

15 copolymers of PVA and maleic anhydride, sodium polystyrene sul- 
fonate, PVP/ethylraethacrylate/methacrylic acid terpolymer, vinyl 
acetate/crotonic acid/vinyl neodecanoate copolymer, octyl acryl- 
amide/ acrylates copolymer, monoethyl ester of poly(methyl vinyl 
ether-maleic acid), and octyl acryl ami de/acryl ate/butyl aminoethyl 

20 methacrylate copolymers. Mixtures of polymers nay also be used. 
ynirnng-containi ng Hair stvlino Polvmers 

Preferred ionic hair styling polymers are silicone-contalnfng 
polymers. Ionic silicone raacromer-containing polymers are de- 
scribed, for example, in EPO Application 90307528.1, 

25 published as EPO Application 0 408 311 A2 on January 11, 1991, 
Hayama, et al., U.S. Patent 5,061,481, issued October 29, 1991, 
Suzuki et al., U.S. Patent 5,106,609, Bolich et al., issued April 
21, 1992, U.S. Patent 5,100,658, Bolich et al., issued Harch 31, 
1992, U.S. Patent 5,100,657, Ansher- Jackson, et al., issued Harch 

30 31, 1992, U.S. Patent 5,104,645, Bolich et al.. issued April 14, 
1992, U.S. Serial No. 07/758,319,* Bolich et al. filed August 27, 
1991, and U.S. Serial No. 07/758,320,* Torgerson et al., filed 
August 27, 1991, all of which are incorporated by reference 
herein. 

35 Examples of useful polymers and how they are made are also 

(•equivalent to EP 0412704 and 0412707, published 13 February 1991) 
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described in detail in U.S. Patent 4,693,935, Mazurek, issued 
September 15, 1987, U.S. Patent 4,728,571, Clemens et al., issued 
March 1, 1988, both of which are incorporated herein by reference. 

Preferred ionic silicone macromer-containing polymers com- 
prise an organic polymeric bacicbone, preferably a vinyl backbone, 
having a Tg above about -20*C (nore preferably above about 20*C) 
and, grafted to the backbone, a slloxane nacroaKr having a weight 
average molecular weight of preferably at least about 500 
preferably from about 1,000 to about 100,000, more preferably from 
about 2,000 to about 50,000, most preferably about 5,000 to about 
20,000. In addition to the graft copolymers described above, 
silicone-containing polymers also include block copolymers prefer- 
ably containing up to about 50% (more preferably from about lOX to 
about 40%) by weight of one 

or more slloxane blocks and one or more non-s'lllcone blocks (such 
as acrylates or vinyls). 

The silicone macromer-containing polymers preferred for use 
herein are such that when formulated Into the finished hair care 
composition, and dried, the polymer phase separates Into a dis- 
continuous phase which Includes the silicone portion and a con- 
tinuous phase which Includes the organic portion. 

The silicone macromer-containing Ionic hair styling polymers 
generally comprise nonionic silicone-containing monomers together 
with ionic monomers as described above, and can also contain 
non-si11cone-conta1n1ng nonionic monomers, also described above. 
The silicone-containing monomers also can be ionically charged 
and, as such, contribute, in part or in whole, to the overall 
charge density of the polymer. 

The silicone-containing hair styling polymers hereof will 
generally comprise about 0.01% to about 50% of silicone-containing 
monomer, preferably from about 0.5% to about 40%, more preferably 
from about 2% to about 25%. 

The silicone-containing monomer will generally have the 
formula: 

X(Y)nS1(R)3-mZm 

wherein X Is a vinyl group copolymerizable with the other monomers 
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of the polymer; Y is a divalent linking group; R is a hydrogen, 
lower alkyl (eg. Cj-C*). aryl, alkaryl, alkylainino, or alkoxy; Z 
is a monovalent siloxane polymeric moiety having a number average 
molecular weight of at least about 500, and is pendant from the 
organic polymeric backbone; n is 0 or 1; and m is an integer from 
1 to 3. Of course, Z should be essentially unreactive under 
polymerization conditions. The silicone-containing monomer 
preferably has a weight average molecular weight of at least about 
500, preferably from about 1,000 to about 100,000, more preferably 
from about 2,000 to about 50,000, most preferably from about 5,000 
to about 20,000. Preferably, it is of the formula: 
0 

X-C-0-(CH2)q-(0)p-Si(R )j.m 2m 

wherein m is 1, 2 or 3 (preferably m - 1); p is 0 or 1; q is 
an integer from 2 to 6; X is 
CH-C- ; 

R'-is hydrogen or -COOH (preferably R* is hydrogen); R' Is hydro- 
gen, methyl or -CH2COOH (preferably R^ is methyl); Z Is 
RS 

R«-(-Si-0-)r; 
R« 

R3, R*, R', R* independently are alkyl, alkoxy, alkyl amino, aryl, 
alkaryl, hydrogen, or hydroxyl (preferably alkyl, more preferably 
methyl); and r is an integer of at least about 10, preferably from 
about 5 to about 1500 (more preferably r is from about 75 to about 
700, most preferably from about 100 to about 250. Particularly 
preferred are monomers when p=0 and q-3. 

The silicone-containing monomers of the ionic polymers hereof 
can be polymerized in a silicone-containing monomer form. Alter- 
natively, they can be polymerized in the form of their non-sill - 
cone containing precursor, and a silicone group can then be added. 
For example, carboxylate-containing monomers, such as acrylic 
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acid, can be polarized and then reacted with a sili cone-contain- 
ing compound with a terminal epoxy group. The result will, in 
general, be a sillcone-contalning laononer In the polyiaer having an 
equivalent structure to the formula X(Y}nS1(R}3.|||Zm, described 

5 above, and is intended to be encompassed herein. 

The preferred sillcone-contalning polymers useful in the 
present invention generally comprise from OX to about 98X (prefer- 
ably from about 5X to about 98%, more preferably from about 50% to 
about 90%) of nontonic monomer, from 1% to about 98% (preferably 

[0 from about 15% to about 80%) of ionic monomer, with from about 
0.1% to about 50% (preferably from about 0.5% to about 40%, most 
preferably from about 2% to about 25%) of the monomers being 
sillcone-contalning monomer. The combination of the non-silicone- 
containing monomers preferably is from about 50% to about 99% 

5 (more preferably about 60% to about 99%, most preferably from 
about 75% to about 95%) of the polymer. 

Exemplary sillcone-contalning polymers for use In the present 
invention include the following: 

(I) acrylic acld/n-butylmethacrylate/polydimethylsiloxane 
»Q (PONS) macromer-20,000 molecular weight 

(II) dimethyl ami noethyl methacrylate/isobutyl methacryl ate/2- 
ethyl hexyl -methacryl ate/PONS macromer- 20 , 000 mol ecul ar 
weight 

(i1i)t-butylacrylate/acryl1c acid/PDMS macromer- 10, 000 
15 molecular weight 

(iv)t-butylacryl ate/acrylic acid/PDHS macromer- 10, 000 

molecular weight 
The Ionic hair styling polymers, including both silicone- 
- containing and non-silicone containing poljrmers, having car- 
,Q boxylate or other acidic functionalities will preferably be 
utilized in at least partially neutralized form in the com- 
positions hereof to promote solubility or dlsperslbillty of the 
polymer in the vehicle. In addition, use of the neutralized form 
aids in sha^>oo removability of the hair spray compositions. In 
5 general, it is preferred that from about 10% to 100%, more 

preferably from about 20% to about 90%, even more preferably from 
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about 40% to about 85%, of the acidic monomers of the polymer be 
neutralized. 

Any conventionally used base, organic or metallic, may be 
used for neutralization of acidic polymers. Hydroxides of alkali 
metal and alkaline earth metal are suitable neutralizers for use 
in the present hair spray compositions. It will be recognized by 
those skilled in the art that various of the cations supplied 
neutralizing the polymer will also contribute to the ionic 
strength modifier system, as described herein. 

Preferred neutralizing agents for use in hair spray com- 
positions of the present invention are potassium hydroxide and 
sodium hydroxide. 

Examples of other suitable neutralizing agents which may be 
included in the hair spray compositions of the present invention 
include amines, especially amino alcohols such as 2-amino-2- 
methyl-l,3-propanediol (AMPD), 2-amine-2-ethyl-l,3-propaned1ol 
(AEPD), 2-amino-2-methyl-l-propanol (AMP), 2-ara1no-l-butanol (AB), 
monethanol amine (HEA), diethanol amine (DEA), triethanol amine 
(TEA), monlospropanol amine (MIPA), diisopropanol -amine (DIPA), 
triisopropanol amine (TIPA) and dimethyl steramine (DMS). Par- 
ticularly useful for neutralization are mixtures of amines and 
metallic bases. 

Polymers having basic functionalities, e.g., amino groups, 
are preferably at least partially neutralized with an acid, e.g., 
hydrogen chloride. 

Liquid Vehicle 

The hair spray compositions of the present invention also 
include a liquid vehicle. This can comprise any of those conven- 
tionally used in resin hair spray formulations. The liquid 
vehicle is present in the hair spray compositions at from about 
80% to about 99%, preferably from about 85% to about 99%. More 
preferably, the liquid vehicle Is present at from about 90% to 
about 98% of the total composition. 

Organic solvents suitable for use in the liquid vehicle of 
the present compositions are Cj-Ce alkanols, carbitol, acetone and 
mixtures thereof. Ci-Cg alkanols preferred for use in the present 
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compositions are C2-C4 monohydrlc alcohols such as ethanol, 
isopropanol and mixtures thereof. Water is also a preferred 
solvent for use In the liquid vehicle of the present hair spray 
conposltlons. 

5 Preferably, the liquid vehicle for the present compositions 

is selected from the group consisting of Ci-Z, alkanols, water, 
carbitol, acetone and mixtures thereof. More preferably, the 
liquid vehicle of the present conpositlon is selected from the 
group consisting of water and Cj-C* monohydrlc alcohols such as 

10 ethanol and isopropanol, and mixtures thereof. 

In general, water may be absent from the liquid vehicle or 
may comprise all of the liquid vehicle. Most preferably, the 
liquid vehicle Is a mixture of water and organic solvents. 

Where water and organic solvent mixtures are used, for 

15 instance, water-ethanol or water- isopropanol -ethanol , the water 
content of the compositions is generally in the range of from 
about 0.5% to about 99%, preferably from about 5% to about 50% by 
weight of the total composition. In such mixtures, the organic 
solvents are generally present in the range of from 0.5% to about 

20 99%, preferably from about 50% to about 95%, by weight of the 
total composition. 

In one aspect of the invention, the hair setting resin is of 
particularly high weight average molecular weight. I.e. weight 
average molecular weight above about 300,000, especially above 

25 about 500,000. It has been found that surprisingly effective hair 
spray performance can be obtained using these high molecular 
weight resins in combination with ionic strength modifier system. 
This invention is especially effective at providing the resins 
with characteristics in hair spray compositions such that they can 

30 be sprayed with good sprsty quality, especially with respect to 
silicone macromer-containing hair setting resins, which are 
preferably used at relatively high molecular weights. 

In another aspect of the invention, what is provided is a low 
volatile organic solvent hairspray composition which comprises a 

35 silicone nacromer-containing ionic hair setting resin, an ionic 
strength modifier system as described herein, and a liquid 
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vehicle. A reduced volatile organic solvent hair spray composi- 
tion of the present invention comprises no more than 80% volatile 
organic solvents (which include, for purposes hereof, volatile 
silicone fluids and excludes water). In other embodiments hereof, 
5 the hair spray compositions can comprise no more than about 65%, 
55%, 50%, or other levels of volatile organic solvents, as my be 
chosen by product formulators. In the reduced volatile organic 
solvent hair spray products hereof, the hair spray compositions 
comprise at least 10%, by weight, of water. It is also 

10 specifically contemplated that they may contain at least about 
11%, 12%, 13%, 14%, 15%, or more water. The weight average 
molecular weight of the silicone raacromer-containing hair setting 
resins can be of any level suitable for providing effective hair 
styling. Typically, it will be at least about 50,000, more 

15 typically at least about 70,000, preferably at least about 
100,000. As used herein, volatile organic solvents means solvents 
which have at least one carbon atom and exhibit a vapor pressure 
of greater than 0.1 mm Hg at 20'C. 

In the more preferred embodiments of this aspect of the 

20 invention, the weight average molecular weight of the resin is 
from about 70,000 to about 1,000,000, most preferably from about 
100,000 to about 750,000. 

In general, the reduced volatile organic solvent compositions 
hereof will comprise up to about 90%, preferably up to about 70%, 

25 more preferably up to about 60%, even more preferably up to about 
50% water; and from about 10% to about 80%, preferably from about 
20% to about 80%, more preferably from about 40% to about 80%, of 
volatile organic solvents. It is also specifically contemplated 
that the compositions can be limited to no more than other maximum 

30 limits on volatile organic solvents, eg., no more than about 75%, 
65%, or 55%, etc.. 

In general, for the compositions hereof, the weight average 
molecular weight of the styling polymer is limited only by 
practical concerns. Generally, it will be below about 10,000,000, 

35 preferably below about 3,000,000, more preferably below about 
1,000,000. 
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Ionic Strength Modifier System 

The conpositions of the present Invention Include, as an 
essential element, an effective amount of an ionic strength 
modifier system for reducing the viscosity of the hair styling 
5 composition, relative to the same composition abs«nt the ionic 
strength modifiers. In general, the present compositions Mill 
comprise at least about O.OIX, by weight, of~the ionic strength 
modifier. As will be understood by those skilled In the art, as 
the Ionic strength of the composition is increased, the hair 
10 styling polymer will eventually fall out of solution, or otherwise 
no longer remain solubilized or dispersed in the liquid carrier. 
The upper limit of the ionic strength modifier system level will 
vary depending upon the particular Ionic strength modifiers, 
liquid vehicle, hair styling polymer, and other ingredients 
15 present in the composition. Thus, for example, the maximum amount 
of the ionic strength modifiers that can be used will tend to be 
lower for compositions with liquid vehicles containing less water, 
compared to compositions with more water. Generally, the com- 
positions will comprise about 4X, by weight, or less of the ionic 
20 strength modifiers, more generally about 2% or less, and typically 
about IX or less. Preferably, the compositions hereof will 
comprise from about O.OIX to about 0.5X, more preferably from 
about O.OIX to about O.IX, of the ionic strength modifier system. 
The Ionic strength modifier system comprises a mixture of 
25 raonomeric cations and anions. The ions of the ionic strength 
modifier system hereof are non-surface active, i.e. they do not 
significantly reduce surface tension. For purposes hereof, 
non-surface active shall mean the ions, which at a 0.5X aqueous 
solution concentration, reduce surface tension by no more than 5.0 
30 dynes/cm*. Generally, the ions of the ionic strength modifier 
system hereof will be characterized by having, at maximum, four or 
less carbon atoms per charge, preferably two or less carbon atoms, 
in any aliphatic chain or straight or branched organic hetero- 
chain.' 

35 The ionic strength modifier system comprises mononeric ions 

of the type which are products of acid-base reactions. Thus, 
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basic and acidic ions OH" and H+ do not constitute part of the 
ionic strength modifier system hereof, although they may be 
present in the composition. The ions hereof are incorporated into 
the composition in a fonn such that they can exist in the com- 
position as free ions, i.e., In dissociated form. It Is not 
necessary that all of the ions added exist in the composition as 
free ions, but they must be at least partially soluble or dis- 
sociated in the composition. The ionic strength modifiers can be 
incorporated into the hair styling compositions, for example, by 
addition of soluble salts, or by addition of mixtures of acids and 
bases, or by a combination thereof. It is a necessary aspect of 
the invention that both anions and cations of the ionic strength 
modifier system be included in the composition. 

Suitable cations for use include, for example, alkali metals, 
such as lithium, sodium, and potassium, and alkaline-earth metals, 
such as magnesium, calcium, and strontium. Preferred of the 
divalent cations is magnesium. Preferred monovalent metal ions are 
lithium, sodium, and potassium, particularly sodium and potassium. 
Suitable means of addition to the compositions hereof Include, for 
example, addition as bases, eg., hydroxides, sodium hydroxide and 
potassium hydroxide, and such as salts that are soluble in the 
liquid carrier, eg. salts of monomeric anions such as those 
described below. 

Other suitable cations include organic ions, such as quater- 
nary ammonium ions and cationic amines, such as ammonium mono-, 
di-, and tri-ethanol amines, tri ethyl amine, morpholine, araino- 
methylpropanol (AMP), aminoethylpropanediol , etc. Ammonium and 
the amines are preferably provided in the forms of salts, such as 
hydrochloride salts. 

Monomeric anions that can be used include halogen ions, such 
as chloride, fluoride, bromide, and iodide, particularly chloride, 
sulfate, ethyl sulfate, methyl sulfate, cyclohexyl sulfaraate, 
thiosulfate, toluene sulfonate, xylene sulfonate, citrate, ni- 
trate, bicarbonate, adipate, succinate, saccharlnate, benzoate, 
lactate, borate, isethionate, tartrate, and other monomeric anions 



wo 93/03704 



PCr/US92/06975 



- 19 - 

that can exist 1n dissociated form In the hair styling composi- 
tion. The anions can be added to the compositions hereof, for 
example, in the form of acids or salts which are at least par- 
tially soluble In the liquid vehicle, eg., sodium or potassium 
salts of acetate, citrate, nitrate, chloride, .sulfate, etc. 
Preferably, such salts are entirely soluble In the vehicle. 

The compositions hereof have a water-equivalent pH of about 
10 or less, preferably from about 3 to about 10, more preferably 
from about 5 to about 10. For purposes hereof, water-equivalent 
pH shall correspond to the pH of a composition containing all of 
the components of the composition, except that any non-aqueous 
coponent of the carrier is replaced by an equal weight of double 
reverse osmosis (ORG) water. 

A preferred reduced volatile organic solvent hairspray 
composition of the present invention contains from about .01% to 
about 2% of a fluorosurfactant; from about O.IX to about 15% of an 
ionic resin, including those having a weight average molecular 
weight of 300,000 and above, as well as those below 300,000, and 
also including those having silicone macromer portions as well as 
those without; an Ionic strength modifier system as described 
herein, and a liquid vehicle comprising about lOX to about 45%, by 
weight of the composition water and about 50% to about 80%, by 
weight of the composition, of an organic solvent, preferably 
selected from the group consisting of ethanol, isopropanol and 
mixtures thereof. 

The level of ionic strength modifier system used, in general, 
is given above. It is to be recognized, however, that the par- 
ticular level of ionic strength modifier system which must be used 
to achieve an improvement in hair spray performance, or to achieve 
optimum performance, for a particular hair spr^y composition can 
vary depending upon a variety of factors, including the particular 
type of resin chosen and Its molecular weight, and level in the 
composition, the specific ionic strength modifier system, the 
level of water and the type and level of volatile organic solvent, 
and the presence of optional components in the system. In gene- 
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ral, higher levels of ionic strength modifier system may be needed 
to achieve a performance benefit as resin molecular weight and/or 
water levels are reduced. In general, the compositions hereof 
should contain at least an effective amount of the Ionic strength 
5 modifier system provide an improvement in hair feel for a given 
level of hair hold performance or for improved spray quality (?), 
nptinnal Ingredients 
In addition to the ionic strength modifier system described 
above, the compositions hereof can optionally contain other 

10 materials to improve sprayability of the compositions. In par- 
ticular, it is contemplated to utilize ionic surfactants in 
combination with the non-surface active anions and cations of the 
ionic strength modifier system hereof. 

A wide variety of surfactants may be advantageously 

15 Incorporated into the compositions hereof. These include anionic, 
cationic, amphoteric, and zwitterionic surfactants, and further 
include both fluorinated surfactants, as described below, and 
nonfluorinated surfactants. 

Anionic surfactants include, for example: alkyl and alkenyl 

20 sulfates; alkyl and alkenyl ethoxylated sulfates; (preferably 
having an average degree of ethoxylation of 1 to 10), succinamate 
surfactants, such as alkyl sulfosuccinaraates and di alkyl esters of 
sulfosuccinic acid; neutralized fatty acid esters of isethionic 
acid; and alkyl and alkenyl sulfonates, including, for example, 

25 olefin sulfonates and beta-alkoxy alkane sulfonates. Preferred 
are alkyl and alkenyl sulfates and alkyl and alkenyl ethoxylated 
sulfates such as the sodium and ammonium salts of Cji-Cia sulfates 
and ethoxylated sulfates with a degree of ethoxylation of from 1 
to about 6, preferably from 1 to about 4, e.g., lauryl sulfate and 

30 laureth (3.0) sulfate. 

Amphoteric surfactants include those which can be broadly 
described as derivatives of aliphatic secondary and tertiary 
amines in which the aliphatic radical can be straight chain or 
branched and wherein one of the aliphatic substituents contains 

35 from about 8 to about 18 carbon atoms and one contains an anionic 
water solubilizing group, e.g., carboxy, sulfonate, sulfate, 



wo 93/03704 



PCr/US92/06975 



phosphate, or phosphonate. Examples of compounds falling within 
this definition are sodium 3-dodecylarainopropionate, N-alkyl- 
taurines such as the one prepared by reacting dodecyl amine with 
sodium isethionate according to the teaching of U.S. Patent 
5 2,658,072, N-higher alKyl aspartic acids such as those produced 
according to the teaching of U.S. Patent 2,438,091, and the 
products sold under the trade name "Miranol" and described In U.S. 
Patent 2,528,378. Others Include alKyl, preferably C6-C22 and 
most preferably CB-C12, amphoglyci nates; alKyl, preferably C6-C22 
10 and most preferably C8-C12, amphopropionates; and mixtures 
thereof. 

Suitable zwitterionic surfactants for use in the present 
compositions can be exemplified by those which can be broadly 
described as derivatives of aliphatic quaternary ammonium, phos- 
15 phonlum, and sulfonium coi^ounds, in which the aliphatic radicals 
can be straight chain or branched, and wherein one of the ali- 
phatic substituents contains from about 8 to 18 carbon atoms and 
one contains an anionic water-solubllizlng group, e.g., carboxy, 
sulfonate, sulfate, phosphate, or phosphonate. A general formula 
20 for these compounds is: 
(R')x 
I 

R2 ... Y(+) ... CH2 — R« — Z(-) 
wherein contains an alKyl, alkenyl, or hydroxy alkyl radical of 

25 from about 8 to about 18 carbon atoms, from 0 to about 10 ethylene 
oxide moieties and from 0 to 1 glyceryl moiety; Y is selected from 
the group consisting of nitrogen, phosphorus, and sulfur atoms; R' 
is an alKyl or monohydroxyal kyl group containing 1 to about 3 
carbon atoms; x is 1 when Y is sulfur or phosphorus, 1 or 2 when Y 

30 is nitrogen; R* is an alkylene or hydroxyalRylene of from 1 to 
about 4 carbon atoms and Z is a radical selected from the group 
consisting of carboj^late, sulfonate, sulfate, phosphonate, and 
phosphate groups. Classes of zwitter ionics include alkyl amino 
sulfonates, al 1^1 betalnes, and alKyl amido betaines. 

35 Catlonic surfactants useful in compositions of the present 

invention contain amino or quaternary ammonium hydrophilic moi- 
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eties which are positively charged when dissolved in the aqueous 
composition of the present invention. Cationic surfactants among 
those useful herein are disclosed in the following documents, all 
incorporated by reference herein: H. C. Publishing Co., HcCut- 
cheon's. Detergents k Emulslfiers, (North American edition 1979); 
Schwartz, et al.. Surface Active Agents, Their Cheaistry and 
Technology, New York: Interscience Publishers, 1949; U.S. Pat. No. 
3 155,591. Hilfer, issued Nov. 3. 1964; U.S. Pat. No. 3,929,678, 
Laughlin, et al.. issued Dec. 30, 1975; U.S. Pat. No. 3,959.461, 
Bailey, et al.. issued May 25, 1976; and U.S. Pat. No. 4,387,090, 
Bolich, Jr., issued June 7, 1983. 

Among the quaternary ammonium-containing cationic surfactant 
materials useful herein are those of the general formula: 

wherein Ri is an aliphatic group of from 1 to 22 carbon atoms, or 
an aromatic, aryl or alkylaryl group having from 12 to 22 carbon 
atoms; is an aliphatic group having from 1 to 22 carbon atoms; 
Rj and R4 are each alkyl groups having from 1 to 3 carbon atoms, 
and X is an anion selected from halogen, acetate, phosphate, 
nitrate and alkylsulfate radicals. The aliphatic groups may 
contain, in addition to carbon and hydrogen atoms, ether linkages, 
and other groups such as araido groups. Other quaternary ammonium 
salts useful herein are di quaternary ammonium salts. 

Preferred quaternary aiimonium salts include di alkyl dimethyl - 
ammonium chlorides, wherein in the alkyl groups have from 12 to 22 
carbon atoms and are derived from long-chain fatty acids, such as 
hydrogenated tallow fatty acid. (Tallow fatty acids give rise to 
quaternary compounds wherein R^ and R^ have predominately from 16 
to 18 carbon atoms.) 

Salts of primary, secondary and tertiary fatty amines are 
also suitable cationic surfactants for use herein. The alkyl 
groups of such amines preferably have from 12 to 22 carbon atoms, 
and may be substituted or unsubstituted. Secondary and tertiary 
amines are preferred, tertiary amines are particularly preferred. 
Such amines, useful herein, include stearamido propyl dimethyl 
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amine, diethyl anino ethyl stearamide, dimethyl stearamine, 
dimethyl soyamine, soyamine, nyrlstyl amine, tridecyl amine, ethyl 
stearyl amine, N-tallowpropane diamine, ethoxylated (5 moles E.O.) 
stearylamlne, dihydroxy ethyl stearylamlne, and arachidyl- 
5 behenyl amine. Cationic amine surfactants included among those 
useful in the present invention are disclosed in U.S. Pat. No. 
4>275,055, Nachtlgal, et a1., issued June 23, 1981 (Incorporated 
by reference herein). 

Suitable cationic surfactant salts include the halogen, 
10 acetate, phosphate, nitrate, citrate, lactate and alkyl sulfate 
salts. 

Nonionic surfactants can also be included in the compositions 
hereof. Preferably, the nonionic surfactants have an average HL6 
(Hydrophile-Lipophile Balance) of less than or equal to about 7. 

15 Methods of detennining HLB are well known in the art and any 

of such methods may be used for HLB determination. A description 
of the HLB System and methods for HLB determination are described 
in "The HLB System: a time saving guide to emulslfler selection, " 
ICI Americas Inc.; Wilmington, Delaware; 1976. 

20 Nonionic surfactants include polyethylene oxide condensates 

of alKyl phenols (preferably CfCn alkyl, with a degree of 
ethoxylatlon of about 1 to about 6), condensation products of 
ethylene oxfde with the reaction product of propylene oxide and 
ethylene diamine, condensation products of aliphatic alcohols with 

25 ethylene oxide, long chain (i.e., typically Cij-Cjj) tertiary 
amine oxides, long chain tertiary phosphine oxides, dialkyl 
sulfoxides containing one long chain alkyl or hydroxy alkyl 
radical and one short chain (preferably Ci-C,} radical, silicone 
copolyols, and C1-C4 alkanol amides of acids having a Cg-C;; acyl 

30 moiety. 

Fluorosurfactants (i.e., fluorinated surfactants) useful in 
the present compositions can be linear or branched alkyl, alkenyl 
or alkyl aryl fluorohydrocarbons having a chain ^length of prefer- 
ably 3 to 18 carbon atoms and being fully or partially fluori- 
35 nated. The hydrophllic mofety can be, for example, sulfate. 
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phosphate, phosphonate, sulfonate, amine, amine salts, quaternary 
aranonium, carboxylate, and any combination thereof. Also, there 
can be a bridging moiety between the hydrophilic and hydrophobic 
moieties, such as an amido alkalene group for example. 
5 Ionic fluorosurfactants useful in the present compositions 

Include perfluorinated compounds represented by the formula 

CF3-(CF2}x-{CH2)y-Z 
where Z is a water solubilizing group of either organic or in- 
organic character, x is an integer which is generally from 2 to 

10 17, particularly from 7 to 11, and y is an integer from 0 to 4, 
and said compounds may be cationic, anionic, amphoteric or zwit- 
terionic, depending upon the nature of the grouping or groupings 
encompassed by Z. The Z groups may be or may comprise sulfate, 
sulfonate, carboxylate, amine salt, quaternary ammonium, phos- 

15 phate, phosphonate, and combinations thereof. The perfluorinated 
compounds are known in the art. These compounds are described in 
U.S. Patent 4,176,176, Cella et al., issued November 27, 1979; 
U.S. Patent 3,993,745, Cella et al., issued November 23, 1976, and 
U.S. Patent 3,993,744, Cella et al., issued November 23, 1976, 

20 each being incorporated herein by reference. 

Cationic fluorosurfactants preferred for use in the present 
compositions include fluorinated alkyl quaternary ammonium salts 
having a variety of anionic counter ions, including iodide, 
chloride, methosulfate, phosphate, and nitrate salts, preferably 

25 an iodide; and those fluorosurfactants conforming to the formula 
RfCHjCH3SCH,CHjN+(CH3)3[CH3S0j- wherein Rf=F(CFjCF2)3-8, such as 
ZONYL FSC supplied by E. I. DuPont deNemours and Company (Wilming- 
ton, Delaware, USA; OuPont). A preferred fluorinated alkyl 
quaternary ammonium iodide is FLUORAO FC-13S supplied by Minnesota 

30 Mining & Manufacturing (St. Paul, Minnesota, USA; 3M). 

Anionic fluorosurfactants preferred for use in the present 
compositions are mono-, and bis-perfluoroalkyl phosphates, such as 
ZONYL FSP supplied by DuPont and conforming to the general formu- 
lae (RfCH,CH,0)P{0)(ONHJ,(RfCH,CH,0),P(0){ONH,) wherein 

35 Rf-F(CF2CF2)3.8; mono- and bis-fluoroalkyl phosphates, having a 
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variety of cationic counterions such as anaonium, sodium, potas- 
sium, triethanol amine and diethanol amine salts, preferably ammo- 
nium salts, complexed with non-fluorinated quats, preferably 
aliphatic quaternary methosul fates, such as ZONYL FSJ supplied by 
5 OuPont; perfluoroalKyI sulfonic acid having a variety of cationic 
counterions such as ammonium, sodium, potassium, triethanol amine 
and diethanol amine salts, preferably ammonium salts, such as ZONYL 
TBS supplied by OuPont and conforming to the formula RfCHjCH^SQ^X 
wherein Rf«F(CF2CF2)3-8 and X-H or NH^; telomer phosphates, having 

10 a variety of cationic counterions such as ammonium, sodium, 
potassium, triethanol amine and diethanol amine salts, preferably 
diethanol amine salts, such as ZONYL RP supplied by DuPont; amine 
perfluoroalkyl sulfonates, such as FLUORAO FC-99 supplied by 3H; 
ammonium perfluoroalkyl sulfonates, such as FLUORAD FC-93, FLUORAD 

15 FC-120 and L-I2402, supplied by 3N; potassium perfluoroalkyl 
sulfonates, such as FLUORAD-95 and FLUORAD FC-98 supplied by 3H; 
potassium fluorinated alkyl carboxylates, such as FLUORAD FC-129 
and FLUORAO FC-109 supplied by 3H; ammonium perfluoroalkyl car- 
boxylates, such as Fluorad FC-143® supplied by 3M; and those 

20 fl uorosurf actants conforming to the general formula 
RfCH^CH^SCHjCH^CO^Li wherein Rf-F{CF2CF2)3.8, such as ZONYL FSA 
supplied by DuPont. 

Preferred anionic fl uorosurf actants are mixed mono- and 
bis-perfiuoroalkyl phosphates, ammonium salts; mixed mono- and 

25 bis-fluoroalkyl phosphate, ammonium salts, complexed with ali- 
phatic quaternary methosul fates; perfluoroalkyl sulfonic acid, 
ammonium salts; mixed telomer phosphate diethanol amine salts; 
amine perfluoroalkyl sulfonates; ammonium perfluoroalkyl sul- 
fonates; potassium perfluoroalkyl sulfonates; potassium fluori- 

30 nated alkyl carboxylates; ammonium perfluoroalkyl sulfonates; and 
ammonium perfluoroalkyl carboxylates. 

Amphoteric fl uorosurf actants preferred for use in the present 
compositions are fluorinated alkyl amphoteric surfactants avail- 
able commercially as FL4J0RA0 FC-lOO from 3N. 

35 Zwitterionic fl uorosurf actants preferred for use in the 
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present compositions are those fluorosurfactants conforming to the 
formula RfCH2CH(0C0CHi)CH2N+(CHj)2CHjC0i wherein Rf-F(CFiCF2)3-8 
such as ZONYL FSK supplied by DuPont. 

Preferably, mixtures of amphoteric or zwitterionic fluoro- 
surfactants with anionic fluorosurfactants or mixtures of anionic 
and cationic fluorosurfactants are used. 

The use of fluorosurfactants is especially desirable in 
reduced volatile organic solvent compositions, and most especially 
those with silicone macroraer-containing polymers. 

Surfactants are preferably included in the compositions at a 
level of from about 0.01% to about 2%, more preferably from about 
0.01% to about 1.5%, most preferably from about 0.01% to about 1%. 



Plasticizer 

The performance of the hair styling polymers can be improved 
through the optional incorporation of a nonvolatile plasticizer 
into the composition. The plasticizer will generally be present 
In the compositions at a plasticizer: styling polymer weight ratio 
of about 1:20: to about 1:1, preferably from about 1:15 to about 
1:2. As used herein, "nonvolatile" in regard to plasticizers 
means that the plasticizer exhibits essentially no vapor pressure 
at atmospheric pressure and 25'C. The polymer-liquid vehicle 
solution should not suffer from substantial plasticizer weight 
loss while the volatile carrier is evaporating, since this may 
excessively reduce plasticization of the polymer during use. The 
plasticizers for use herein should generally have boiling points 
of about 250*C or higher. 

Plasticizers are well known in the art and are generally 
described in Kirk-Othmer FnrvcloDedia of Chemical Technology, 
second edition, Volume 15, pp. 720-789 (John Wiley & Sons, Inc. 
New York. 1968) under the topic heading "Plasticizers", and by J. 
Kern Sears and Joseph R. Darby in the text Th? TschnologY gf 
Plasticizers {John Wiley i Sons, Inc., New York, 1982), both 
incorporated herein by reference. See especially in the Appendix 
of Sears/Darby Table A. 9 at pages 983-1063 where a wide variety of 
plasticizers are disclosed. 
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Plasticizers Include both cyclic and acyclic nonvolatile 
materials. Suitable categories of nonvolatile plasticizers include 
adipates, phthalates, Isophthalates, azelates, stearates, 
citrates, trimellltates, silicone copolyols, Iso Cif-Cjt alcohols, 
5 methyl alKyl silicones, carbonates, sebacates, isobutgrates, 
oleates, phosphates, a^yrlstates, ricinoleates, pelargonates, 
valerates, oleates, camphor, and castor oil, and silicone co- 
polyols. 

Examples of adipate plasticizers include adipic acid deriva- 
10 tives such as dllsobutyl adipate, b1s(2-ethy1hexyl) adipate, 
diisodecyl adipate, b1s(2-butoxyethyl) adipate, and di-n-hexyl 
adipate. 

Examples of phthalate plasticizers Include phthalic acid 
derivatives such as di butyl phthalate, butyl octyl phthalate, 
15 dl-n-octyl phthalate, diisooctyl phthalate, b1s(2-ethylhexyl) 
phthalate, n-octyl n-decyl phthalate, d1-n-hexyl phthalate, 
Isooctyl Isodecyl phthalate, diisodecyl phthalate, ditrldecyl 
phthalate, butyl cyclohexyl phthalate, butyl benzyl phthalate, 
dlcyclohu^l phthalate, d1 phenyl phthalate, Isodecyl benzyl 
20 phthalate, and b1s(2-butoxyethyl) phthalate. 

Isophthalate plasticizers Include b1s(2-ethylhexyl) iso- 
phthalate. 

Examples of azelate plasticizers Include azelalc acid deri- 
vatives such as d1(2-ethylhe)vl) azelate, and bis(2-ethylhexyl) 
25 azelate. 

Examples of stearate plasticizers include stearic acid 
derivatives such as n-butyl stearate, butyl acetoxystearate, and 
butoxyethyl stearate. 

Examples of citrate plasticizers Include citric acid deriva- 
30 tives such as acetyl tri -n-butyl citrate, tri -n-butyl citrate, and 
acetyl tr1-2-ethylhexyl citrate. 

Examples of trlmellitate plasticizers Include tr1-(2-ethyl- 
hexyl) trlmellitate, and triisooctyl trlmellitate. 

Other examples of plasticizers Include dibutyl carbonate, 
35 butyl oleate, n-butyl, butyrate, isobutyl butyrate, isopropyl 
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butyrate, dibutyl carbonate, ethyl palmitate, isooctyl palraitate, 
methyl ricinoleate, butyl ricinoleate, diisoectyl sebacate, 
triisobutyl phosphate, isodecy pelargonate, ethyl valerate, 
isocetyl alcohol, octododecanol , isopropyl myri state, isostearyl 
alcohol and methyl alkyl silicones having CfCjo and from 1 

to about 500 siloxane monomer units, silicone copolyols, eg^ 
dimethicone copolyol. 

Hair Spray Compositions 

Hair spray compositions of the present invention can be 
dispensed from containers which are aerosol dispensers or pump 
spray dispensers. Such dispensers, i.e., containers, are well 
known to those skilled in the art and are commercially available 
from a variety of manufacturers, including American National Can 
Corp. and Continental Can Corp. 

When the hair spray compositions are to be dispensed from a 
pressurized aerosol container, a propellant which consists of one 
or more of the conventionally-known aerosol propellants may be 
used to propel the compositions. A suitable propellant for use 
can be generally any liquifiable gas conventionally used for 
aerosol containers. 

Suitable propellants for use are volatile hydrocarbon pro- 
pellants which can include liquified lower hydrocarbons of 3 to 4 
carbon atoms such as propane, butane and isobutane. Other suit- 
able propellants are hydrofluorocarbons such as 1,2-difluoroethane 
(Hydrofluorocarbon 152A) supplied as Dymell52A by DuPont. Other 
examples of propellants are dimethyl ether, nitrogen, carbon 
dioxide, nitrous oxide and atmospheric gas. 

The hydrocarbons, particularly isobutane, used singly or 
admixed with other hydrocarbons are preferred. 

The aerosol propellant may be mixed with the present compo- 
sitions and the amount of propellant to be mixed is governed by 
normal factors well known in the aerosol art. Generally, for 
liquifiable propellants, the level of propellant is from about 10% 
to about 60% by weight of the total composition, preferably from 
about 15% to about 50% by weight of the total composition. 
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Alternatively, pressurized aerosol dispensers can be used 
where the propel 1 ant Is separated from contact with the hair spray 
composition such as a two compartnent can of the type sold under 
the tradenane SEPRO from Amerlcal National Can Corp. 
5 Other suitable aerosol dispensers are those characterized by 

the propellant being compressed air which can be filled into the 
dispenser by means of a pump or equivalent device prior to use. 
Such dispensers are described In U.S. Patents 4,077,441, March 7, 
1978, Olofsson and 4,850,577. July 2S, 1989, TerStege, both 
10 Incorporated by reference herein, and In U.S. Serial No. 
07/839,648, Gosselin et al., filed February 21, 1992, also 
Incorporated by reference herein. Compressed air aerosol 
containers suitable for use are also currently marketed by The 
Procter & Gamble Company under their tradename VIDAL SASSOON 
15 AIRSPRAY* hair sprays. 

Conventional non-aerosol pump spray dispensers, I.e., 
atomizers, can also be used. 
Other Inoredients 

The hair spray formulations of the present Invention can 
20 optionally contain a variety of other hair spray adjuvants as are 
known in the art. Generally, the compositions will comprise from 
about 0.05% to 5X, by weight, preferably from about O.IX to 3%, by 
weight, of adjuvants. Hair spray adjuvants include: silicones; 
emollients; lubricants and penetrants such as various lanolin 
25 compounds; protein hydrolysates and other protein derivatives; 
ethylene adducts and polyoxyethylene cholesterol; dyes, tints and 
other colorants; sunscreens; and perfume. 

METHOD OF USE 

The hair spray compositions of the present invention are used 
30 in conventional ways to provide the hair styling/holding benefits 
of the present invention. Such method generally Involves spraying 
an. effective amount of the product to dry or damp hair before or 
after the hair is styled, or both. By "effective amount" is meant 
an amount sufficient to. provide the hair volume and style benefits 
35 desired considering the length and texture of the hair. 
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The following Examples illustrate the present invention. The 
Examples are given solely for the purposes of illustration and are 
not to be construed as limitations of the present invention as 
many variations of the invention are possible without departing 
from its spirit and scope. 

EXAMPLES 
FYamnles NXVI 

Hair spray compositions of the present invention are prepared 
according to the following formulations. 

Example # {Weight Percent) 

Tnoredient _L- Jl. Ml Jl V_ JtL -VIL VUl 

Ethanol , 200 proof 79.3 79.3 79.2 79.2 79.1 79.1 79.2 79.2 
Isopropanol -- 10.4 10.4 10.4 10.4 10.4 10.4 10.4 

Hair Styling 4.0 2.6 2.6 2.6 2.5 2.6 2.6 2.6 

Polymer i 

KOH (45% aqueous 0.82 0.7 0.8 0.8 0.8 0.8 0.8 0.8 

solution)^ 

DRO Water' 17.4 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

Potassium Chloride 0.02 0.05 0.02 

Potassium Acetate - - - - 0.09 - 

Magnesium Acetate - 

Acetic Acid - - - - 0.06 - - - 0.06 
Fluorosurfactant* 0.1 O.OS - 

AMP» 

Example # (Weight Percent) 

Ingredient JJL _L_ JLI_ m_ mi XIV. _XV_ JCVl 

Ethanol , 200 proof 79.2 86.5 86.3 43.3 86.6 80.0 75.9 75.8 

Isopropanol 10.4 10.4 10.4 10.4 10.4 10.4 - 

Hair Styling 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 
Polymer * 

KOH* 0-8 ^'^ ^'^ 

DRO Water' 7.0 0.1 0.3 42.9 - 7.0 15.0 15.0 

Potassium Chloride - 0.03 - - - 0.03 - 

Potassium Acetate 0.09 - 0.1 - - - - 0.2 

Magnesium Acetate 0.1 - 

Acetic Acid - - - 0.5 - - - - 
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Fluorosurfactant* - - - - 0.05 - 
/WP« - 0.3 0.3 0.3 0.3 - 

1 60X t-butyl acrylate/20% acrylic acid/20» silicone (PDMS) 
macroflier - Example I, weight average molecular weight of 

5 about 150,000. Examples II-VI, weight average molecular 

weight of about 1.7 nilllon; Examples VII-XIV, weight average 
molecular weight of about 800,000; Examples XV-XVI, weight 
average molecular weight of about 1.2 million. 

2 Potassium hydroxide solution, containing 45% potassium 
10 hydroxide and 55% water and minors, except Examples XV and 

XVI, utilizing a 10% aqueous solution of potassium hydroxide. 
' Double reverse osmosis water. 

♦ ZONYL FSK containing 47% fluorosurfactant conforming to the 
formula RfCHiCH(0C0CH,)CH2N+(CHj)2(CHjC02- wherein 
15 Rf''F(CF2CF2)3.8 and 53% Acetic Acid and minors, supplied by 

E.I. OuPont de Nemours & Co., Inc. (Wilmington, Delaware, 
USA). 

' 2-Am1no-2-methy1-l-propanol. 

The hair spray formulations are prepared by forming a premix 

20 of the polymer In Isopropanol, and then adding the ethanol. For 

Examples I, XV and XVI, the polymer Is added directly to the 
ethanol. A magnetic or air driven stirrer is used to mix the 
ingredients until the polymer is dissolved, typically about 1 to 2 
hours. If used, the neutralizing agent (KOH or AHP, or both) Is 

25 then added and mixed into the premix. Then, fluorosurfactant, any 

of the salts, and water, as may be applicable, are mixed into the 
composition. 

Adjuvants may also be added to the compositions, including, 
for example, perfume or fragrance. The hair spray compositions 
30 prepared are especially suitable for pump spray application. The 
compositions will characterized by good sprayablllty character- 
istics and hair styling performance 

Example XVII 

A hair spray composition, of the present invention, which is 
35 suitable for pump spray dispensers, Is prepared as follows: 
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5 



Tnaredient 


Weiqht % 


Ethanol , 200 proof 


78.5 


Isopropanol 


10.4 


Hair Styling Polymer* 


2.6 


KOH (45%) 


0.7 


DRO Water 


7.0 


FLUORAD FC-1202 


0.4 


ZONYL FSK 


0.5 



10 1 60% t-butyl acryl ate/20% acrylate acid/20% PDMS macroraer, 

having a weight average molecular weight of about 1,700,000. 
i FLUORAD FC-120 supplied by Minnesota Mining and Manufacturing 
Co. (3M), (St. Paul, Minnesota, USA) containing 25% annonium 
perfluoroalkyl sulfonates, 37.5% ethanol and 37.5% water and 
15 minors. 

Prepared as in Examples I -XVI. 

Example XVIII 

A hair spray composition, of the present invention, which is 
suitable for pump spray dispensers, is prepared as follows: 



20 Tnaredient Mshi-S 

Ethanol, 200 proof 89.1 
Hair Styling Polymer* 2.6 
KOH (45%) 0.7 
DRO Water 7.0 

25 FLUORAD FC-120* 0.1 

ZONYL FSK 0.5 



1 60% t-butyl acryl ate/20% acrylate acid/20% PDMS macromer, 
having a weight average molecular weight of about 1,700,000. 
Prepared as in Examples I -XV I. 

Example XIX 

A hair spray composition of the present invention, which is 
suitable for pump spray dispensers, is prepared as follows: 
Ingredient Weight % 

Ethanol , 200 proof 78.8 
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Isopropanol 10.4 

Hair Styling Polyner^ 2.6 

KOH (45%) 0.8 

ORG Water 7.0 

5 FLUORAD FC-1202 0.4 

ZONYL FSK 0.04 



^ 60% t-butyl acry1ate/20X acrylate acid/20% PONS macromer, 
having a weight average nolecular weight of about 580,000. 
10 Prepared as in Examples I -XVI. 

Examples XX-XXII 
A hair spr^y composition, of the present Invention, which is 
suitable for punq) spray dispensers, is prepared as follows: 





Example 


Example 


Example 




XX 


XXI 


XXII 




(Wt%) 


(Wt %) 


(Wt %) 


Ethanol, 200 proof 


71.1 


71.2 


71.2 


Isopropanol 


9.5 


9.5 


9.5 


Hair Styling Polymer^ 


2.4 


2.4 


2.4 


KOH (45%) 


0.6 


0.6 


0.6 


DRO Water 


16.2 


16.2 


16.2 


ZONYL TBS2 


0.15 




0.05 


ZONYL FSK 


0.05 


0.1 


0.07 



25 1 60% t-butyl acryl ate/20% acrylic acid/20% POMS macromer, 

having a weight average molecular weight of about 800,000, 
2 ZONYL TBS, an anionic surfactant supplied by OuPont, con- 
taining 30-35% perfluoralkyl sulfonic acid ammonium salt, 
2.4% acetic acid and 65%-70% water. 
30 Prepared as in Examples I-XVI. 

Examples XXII I -XXV 



35 





Example 


Example 


Example 




XXIII 


XXIV 


XXV 


Ipqr?dtent 


(Wt%) 


(Wt %) 


(Wt%) 


Ethanol, 200 proof 


78.9 


79.4 


78.2 


Isopropanol 


10.4 


10.4 


11.2 
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S 



Hair Styling Polymeri 


2.6 


2.6 


2.8 


AMP 


0.2 


- 


- 


KOH (45%) 


0.6 


0.4 


0.5 


ORO Water 


7.0 


7.0 


7.0 


FLUORAD FC-120 


0.1 


0.1 


0.2 


ZONYL FSK 


0.05 


0.05 


0.09 


ZONYL TBS 


0.07 






Fragrance 


0.07 


0.03 





1 60% t-butyl acrylate/20% acrylic acid/20% silicone macroraer, 
having a weight average molecular weight of about 860,000 
(Example XXIII), and 1.5 million (Example XXIV); and 1.7 
million (Example XXV). 
Prepared as in Examples IX-XVI. 

EXAMPLE XXVI 

A hair spray concentrate composition, of the present inven- 
tion, which is suitable for aerosol dispensers, is prepared as 
follows: 



20 



Inaredient 


Welqht % 


Ethanol, 200 proof 


95.8 


Hair Styling Polymer* 


3.0 


KOH 


0.6 


AMP 


0.4 


ZONYL FSK 


0.25 



1 60% t-butyl acrylate/20% acrylic acid/20% silicone macroraer, 
having average molecular weight of about 690,000. 

2 ZONYL FSK supplied by DuPont, containing 40% mono- and 
bis-fluoroalkyl phosphates, ammonium salt, coraplexed with 
aliphatic quaternary methosulfate, 15% isopropyl alcohol and 
40-45% water. 

Prepared as in Examples I -XVI. The concentrate is packaged 
in a conventional aerosol spray can and charged with a conven- 
tional liquifiafale propellant at a propel 1 ant: concentrate weight 
ratio of 30:70. 



wo 93/03704 



PCr/US92/06975 



- 35 - 
Examples XXV I I -XXX 



Inaredient lvt.%) 


XXVII 


XXVIII 


XXIX 


m 


Ethanol, 200 proof 


79.3 


80.1 


79.3 


79.5 


Isopropanol 


10.4 


10.4 . 


10.4 


10.4 


Hair Styling Polymer^ 


2.6 








Hair Styling Polymer^ 




1.8 






Hair Styling Polymer' 






2.0 




Hair Styling Polymer* 








1.8 


KOH (lOX aqueous solution) 






1.2 


1.2 


HCl (10% aqueous solution) 


0.6 


0.6 






ORG Water 


7.0 


7.0 


7.0 


7.0 


Potassium Chloride 


0.10 


0.10 


0.10 


0.10 



1 15% t-butylarainoethylmethacrylate/15% t-butylacrylam1de/70Si 

ethyl methacryl ate, having a weight average molecular weight 

of about 1.2 million. 
< 15X t-buty1am1noethy1methacrylate/15X t-butylacryl amide/60% 

ethyl methacryl ate/10% PONS macromer (weight average molecular 

weight of about 10,000), having a weight average molecular 

weight of about 1.2 million. 
3 15% N,N dimethyl acryl amide/70% isobutylmethacryl ate/15% 

acrylic acid, having a weight average molecular weight of 

about 1.2 million. 
* 15% N,N diraethylacryl amide/60% Isobutylmethacryl ate/15% 

acrylic acid/10% PDMS macromer (weight average molecular 

weight of about 10,000), having a weight average molecular 

weight of about 1.2 million). 

Prepared as in Exmples I -XVI, except for Examples XXVII and* 
XXVIII, the HCl is added as the neutrallzer. 

The above compositions will exhibit good sprayablllty and 
when applied to the hair, provide good hair styling benefits. 

In the above examples and the coiqiosltlons hereof utilizing 
silicone macromer -grafted styling resins, It can be desirable to 
purify the styling resin by removing unreacted slllcone-contalning 
monomer and silicone macromer-grafted polymer with viscosities at 
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25*C of about 10,000,000 centlstokes and less. This can be done, 
for the exan^le, by hexane extraction. After drying the resin 
from its reaction solvent hexane extraction of the reaction 
product can be performed by adding an excess of hexane to the 
reaction product and heating to near the Tg of the non-silicone 
portion of the polymer. The mixture is held at this temperature 
with stirring for about 30 minutes and cooled to-room temperature. 
The hexane is removed by vacuum suction. Two more hexane 
extraction cycles are preferably conducted in the same manner as 
above. After the third cycle, residual hexane remaining with the 
product is removed by distillation and vacuum drying. 

Low molecular weight polysiloxane-containing monomer and 
polymer about 1 hour is solubillzed by the supercritical carbon 
dioxide and transported away from the remaining polymer via a 
transfer line, which Is maintained at identical temperature and 
pressure as the extraction vessel. The extracted materials are 
collected in an extraction vessel. Following extraction, the 
system is depressurized and dry, extracted polymer is recovered 
from the extraction vessel. 

In the above examples and the compositions hereof utilizing 
silicone macroraer-grafted styling resins, the resin can be 
purified by removing unreacted sil icone-containing monomer and 
silicone macromer-grafted polymer with viscosities at 25'C of 
about 10,000,000 centlstokes and less. This can be done, for the 
example, by hexane extraction. After drying the resin from Its 
reaction solvent, hexane extraction of the reaction product can be 
performed by adding an excess of hexane to the reaction product 
and heating to near the Tg of the non-slHcone portion of the 
polymer. The mixture is held at this temperature with stirring 
for about 30 minutes and cooled to room temperature. The hexane 
Is removed by vacuum suction. Two more hexane extraction cycles 
are preferably conducted in the same manner as above. After the 
third cycle, residual hexane remaining with the product Is removed 
by distillation and vacuum drying. 



35 
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CLAIMS: 

1. A liquid hair styling composition useful for spray 

application to hair, said composition characterized in 
that it comprises: 

(a) an ionic hair styling polymer having a weight average 
molecular weight of at least 300,000; 

(b) a liquid vehicle selected from the group consisting of 
water, Ci-Ce monohydric alcohols, and mixtures 
thereof; 

(c) an effective amount of an ionic strength modifier 
system for reducing viscosity of the composition, said 
system consisting essentially of a mixture of monomeric 
cations and monomeric anions, wherein said cations and 
anions are non-surface active and are at least partially 
soluble in said liquid vehicle; 

said composition having a pH of 10 or less. 

2. A liquid hair styling composition as in Claim 1, com- 
prising from 0.1% to 15%, by weight, of said Ionic hair styling 
polymer, from 80% to 99<5%, by weight, of said liquid vehicle, and 
from 0.01% to 4%, by weight of said Ionic strength modifier 
system. 

3. A liquid hair styling composition as in Claim 1 or 2, 
wherein said ionic hair styling polymer comprises from 2% to 75% 
ionic monomers, and from 25% to 98% nonionic monomers. 

4. A liquid hair styling composition useful for spray 
application to hair, said composition characterized in that it 
comprises: 

(a) an ionic hair styling polymer having a weight average 
molecular weight of at least 300,000; said ionic hair 
styling polymer comprising sillcone-containing mono- 
mers, wherein when the composition is dried, the hair 
styling polymer separates into a discontinuous phase 
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which includes the silicone portion of said polymer 
and a continuous phase which includes the non-silicone 

portion; 

(b) a liquid vehicle selected from the group consisting of 
water, C2-C4 monohydric alcohols, and mixtures 
thereof; 

(c) an effective amount of an ionic strength modifier 
system for reducing viscosity of the composition, said 
system consisting essentially of a mixture of mono- 
meric cations and monomeric anions, wherein said 
cations and anions are non-surface active and are at 
least partially soluble in said liquid vehicle; 

said composition having a pH of 10 or less. 

5. A liquid hair styling composition as in Claim 4, wherein 
said polymer comprises at least 0.5% of silicone macromer-contai fl- 
ing monomers. 

6. A liquid hair styling composition as in Claim 4 or 5, 
comprising from 5% to 95% of ionic monomers and from 5% to 95% of 
nonionic monomers. 

7. A liquid hair styling composition as in Claim 1, 2, 3, 
4, 5, or 6, wherein said cations are sodium, potassium, magnesium, 
or a mixture thereof, and said anions are sulfate, acetate, 
chloride, or a mixture thereof. 

8. A liquid hair styling composition as in Claim 1, 2, 3, 
4, 5, 6, or 7, wherein said ionic hair styling polymer has a 
weight average molecular weight of at least 500,000. 

9. A liquid hair spray composition as in Claim 3 or 6, 
wherein said ionic monomer is acrylic acid, methacrylic acid, 
dimethyl ami noethyl methacrylate, quaternized dimethyl ami noethyl 
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methacrylate, maleic acid, half esters of maleic anhydride, 
crotonic acid, itaconic acid, d1 ally! dimethyl ammonium chloride, 
vinyl pyridine, vinyl imidazole, styrene sulfonate, or a mixture 
thereof, and said nonionic monomer is selected from the group 
consisting of acrylic acid esters of C1-C24 alcohols, methacrylic 
acid esters of C1-C24 alcohols, styrene, polystyrene macroraer, 
vinyl acetate, vinyl chloride, vinyl propionate, vinyl idene 
chloride, alphamethyl styrene, t- butyl styrene, butadiene, cyclo- 
hexadiene, ethylene, propylene, vinyl toluene, and mixtures 
thereof. 

10. A liquid hairspray product comprising a hairspray 
composition and a spray dispenser means for containing and spray- 
ing said composition, said composition being contained in said 
spray dispenser means, said hairspray composition characterized in 
that it comprises: 

(a) an ionic, silicone macromer-containing hair styling 
polymer; 

(b) a liquid vehicle selected from the group consisting of 
water, Ci-Cg monohydric alcohols, and mixtures thereof, 

(c) an effective amount of an ionic strength modifier system 
for reducing viscosity of the composition, said system 
consisting essentially of a mixture of monomeric cations 
and monomeric anions, wherein said cations and anions 
are non-surface active and are at least partially 
soluble in said liquid vehicle; 

said composition having a pH of 10 or less and comprising from 10% 
to 90%, by weight, water, and from 10% to 80%, by weight, of said 
monohydric alcohols. 

11. A liquid hairspray product as in Claim 10, comprising 
.from 0.1% to 15%, by weight, of said hair styling polymer, from 
80% to 99.5%, by weight, of said liquid vehicle selected from the 
group consisting of C2-C4 monohydric alcohols and water, and from 
0.01% to 4%, by weight, of said ionic strength modifier system. 
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12. A liquid hairspray product as in Claim 10 or 11, wherein 
said cations are sodium, potassium, magnesium, or a mixture 
thereof, and said anions are sulfate, acetate, chloride, or a 
mixture thereof. 

13. A liquid hair styling composition or product as in Claim 
4, 5, 6, 10, 11, or 12, wherein said silicone macroraer-containing 
monomers have the formula: 

X(Y)nSi{R)3.mZm 

wherein X is a vinyl group; Y is a divalent linking group; R is av 
hydrogen, lower alkyl, aryl or alkoxy; Z is a monovalent siloxane 
polymeric moiety having a number average molecular weight of at 
least 500; n is 0 or 1; and m is an integer from 1 to 3. 

14. A liquid hair spray composition or product as in Claim 
13, wherein said silicone macroraer-containing monomer is: 

0 

X-C-(CH2)q-(0)p-Si{R4)3.mZm 
wherein m is 1, 2, or 3, p is 0 or 1, q is an integer from Z to 6, 
X is CH=C- 
I I 
Rl R2 

Rl is -H or - COOH, r2 is -H, -CH3, or CH2 COOH, R* is alkyl, 
alkoxy, alkyl ami no, aryl or hydroxy!, and Z is 

CH3 

I 

R4(-Si-0-)r 
I 

CH3 

wherein r is an integer from 5 to 700. 
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15. A liquid hair spray product as in any of Claims 10-14, 
wherein said polymer comprises at least 0.5% of silicone macroiner- 
containing monomers. 

16. A liquid hair spray product as in any of Claims 10-15, 
comprising from 5% to 95% of Ionic monomers and from 5% to 95% of 
nonionic monomers. 

17. A liquid hair spray composition or product as in Claim 

16, wherein said Ionic monomer is acrylic acid, methacrylic acid, 
dimethyl ami noethyl methacrylate, quaternized dimethyl aminoethyl 
methacrylate, maleic acid, half esters of maleic anhydride, 
crotonic acid, itaconic acid, diallyldimethyl ammoniura chloride, 
vinyl pyridine, vinyl imidazole, styrene sulfonate, or a mixture 
thereof. 

18. A liquid hair spray composition or product as in Claim 

17, wherein said polymer comprises 15% to 80% of said ionic 
monomer, 50% to 90% of nonionic monomer selected from the group 
consisting of acrylic acid esters of C1-C24 alcohols, methacrylic 
acid esters of C1-C24 alcohols, styrene, polystyrene macromer, 
vinyl acetate, vinyl chloride, vinyl propionate, vinyl idene 
chloride, alphamethyl styrene, t- butyl styrene, butadiene, cyclo- 
hexadlene, ethylene, propylene, vinyl toluene, and mixtures 
thereof and 2% to 25% of said silicone-containing monomer. 

19. A method for providing hair setting benefits to the 
hair, comprising spraying an effective amount of any of the 
compositions of Claims 1-18 to hair. 
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ADHESIVE AGENT CONTAINING 
POLYSILOXANE-GRAFTED POLYMER, AND 
COSMETIC COMPOSITIONS THEREOF 

S 

TECHNICAL FIELD 

The present Invention relates to adhesive agents containing 
polysiloxane-grafted polymers and to compositions, such as cosme- 
tic compositions, containing such adhesive agents. This Invention 
10 especially relates to adhesive agents useful for hair setting 
purposes, and to hair setting compositions containing such adhe- 
sive agents. 

BACKfiROUND OF THE INVENTION 

The desire to have hair retain a particular shape is widely 

15 held. Such style retention is generally accoaiplished by either of 
two routes: permanent chemical alteration or temporary alteration 
of hair style/shape. A temporary alteration is one which can be 
removed by water or by shampooing. Temporary style alteration has 
generally been accomplished by means of the application of a 

20 composition to dampened hair after shampooing and/or conditioning 
and prior to drying and/or styling. The materials used to provide 
setting benefits have generally been resins or gums and have been 
applied in the form of mousses, gels, lotions, or sprays. This 
approach presents several significant drawbacks to the user. It 

25 requires a separate step following shanpoolng/condltioning to 
apply the styling composition. In addition, since the style hold 
Is provided by resin materials which set-up on the hair, the hair 
tends to feel sticky or stiff after application and it is diffi- 
cult to restyle the hair without further application of the 

30 styling composition. 

It has recently been discovered that hair care compositions 
containing polysiloxane-grafted polymers can provide excellent 
hair style retention benefits, together with hair conditioning. 
The compositions may be in any of the conventional forms includ- 

35 ing, but not limited to, shampoos, conditioners, hair sprays, 
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tontcs, Tot1ons» gels^ and mousses. The compositions can provide 
these benefits to hair without leaving the hafr stiff or 
sticKy/tacKy feel, as do conventional hair setting Ingredients. 
These types of adhesive, film-forniTng, polysiloxane-grafted 
5 polymers can also be used for other purposes, such as topical 
application to skin for cosmetic purposes or as a means for 
delivery of medicaments: The film forming agents can also be used 
in a Mide variety of other adhesive areas» e.g. adhesive paper or 
binding materials, etc. 

10 Polysiloxane-grafted polymers are disclosed for use In EPO 

AppTicatton 90307528.1» published aannary 16, 1991 as EPO 
Publication 0 408 311 fZ, H^ama, et al.^ U.S. Patent 5,061,481, 
Issued October 29, 1991, Suzuki et al., U.S. Patent 5,106,609, 
Bollch et al.. Issued April 21, 1992, U.S. Patent 5,100,658, 

15 Bollch et al.. Issued March 31, 1992, U.S. Patent 5,100,657, 
Ansher- Jackson, et al.. Issued March 31, 1992, U.S. Patent 
5,104,646, Bollch et al., Issued April 14, 1992, U.S. Serial" No. 
07/758,319, Bollch et al., filed August 27, 1991, and U.S. Serial 
No. 07/758,320, Torgerson et al., filed August 27, 1991. Adhesive 

20 compositions containing. fiTm-forming polysiloxane-grafted polymers 
are also disclosed in U.S. Patent 4,728,571, Issued March 1, 1988, 
Clemens et al., U.S. Patent 5,021,477, issued June 4, 1991, Garbe 
et al., U.S. Patent 4,981,902, issued January 1, 1991, fiarbe et 
al., U.S. Patent 4,988,506, Issded January 29, 1991, Nttra et al., 

25 and U.S. Patent 4,981,903, Hitra et al., issued January 1, 1991, 
Mitraetal. 

Whereas excellent performance can be obtained with thftse 
polysiloxane-grafted polymers, particularly for hair setting 
compositions. It remains desirable to achieve improved adhesive 
30 performance. It also remains desireable to achieve higher levels 
of tactile softness for a given level of adhesion for compositions 
containing these adhesive agents. In particular, for example, it 
is desirable to provide hair setting compositions with improved 
hold and/or higher tactile softness for a givien level of hold. It 

35 
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is an object of this invention to provide adhesive agents that can 
provide such enhanced levels of performance. 

These and other benefits will become readily apparent from 
the detailed description which follows. 
5 Unless otherwise indicated, all percentages and ratios herein 

are by weight. The Invention hereof can comprise, consist of, or 
consist essentially of, the essential as well as optional 
ingredients and components described herein. 

SUMMARY OF THE INVFMTIOM 

10 The present invention relates to a polymeric adhesive agent, 

especially a film-forming agent, comprising a polyslToxane-grafted 
polymer made by the polymerization of polymerlzable, polysiloxane 
containing monomers with polymerlzable non-polysiloxane-containing 
monomers, wherein said adhesive agent has a weight average 

15 molecular weight of at least about 20,000, contains from about IX 
to about 50%, by weight, of the polysiloxane-containing monomer, 
and the weight percentage of silicon present as unreacted 
polysiloxane-containing monomers and polysiloxane-grafted polymers 
having a viscosity at 25*C of below about 10,000,000 centistokes 

20 based on the total silicon present as unreacted 
polysiloxane-containing monomer and polysiloxane-grafted polymer 
i& about ISX or less. Also, the adhesive agent should contain no 
more than about 4X, by weight, of unreacted 
polysiloxane-containing monomer and polysiloxane-grafted polymer 

25 having a viscosity at 25*C of below about 10,000,000. 

In another embodiment, the present invention provides 
cosmetic compositions, especially hair care compositions, eg. hair 
setting compositions, comprising the adhesive agent hereof and a 
carrier suitable for application to the hair. 

30 DETAILED DESCRIPTION OF THE INVENTION 

The essential, as well as various optional, components of the 
present invention are described below. 

Polymeric Adhesive Aaent 
The polymeric adhesive agent hereof comprises a film-forming 

35 polysiloxane-grafted polymer, made by the polymerization of 
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polystToxane-contatninff nononers with non-poTysiloxane-containing 
monomers such that said adhesive agent has a weight average 
moTecalar weight of at least about 20,00a, comprises from about IX 
to about SOX, by weight, of the polysiloxane-contalnTng monomers, 

5 and the weight percentage of unreacted polysiToxane-containlng 
monomers and poTysiloxane-grafted polymers having a viscosity at 
25*G of below about 10,000,000 centlstokes: to total silicon 
present as unreacted polyslloxane-containing monomer and 
polysiloxane-graftai polymer Is about 15% or less, more preferably 

10 about 5X or less. The level of polysiloxane-containing monomers 
in the adhesive agent, for purposes hereof, includes monomer 
present tn elther unreacted (eg,, anpolymerizec^ form as well as 
monomer Incorporated into the adhesive agent In polymer form. 
Also, the adhesive agent should contain no more than about 4X, by 

15 weight, of unreacted polyslloxane-cpntalning monomer and 
polysiloxane-grafted polymer having a viscosity at Zi^C of below 
about 10,000,000, preferably less than about 3% more preferably 
less than about 21, most preferably less than about IX. The 
limitation pertaining to the adhesive agent sets forth the maximum 

20 viscosity level, as described above, can also be limited to is 
preferably about 1,000,000, about 100,000 or about 10,000, etc. 

Cosmetic compositions of the present invention typically 
contain from about 0.1* to about 10.0%, preferably from about 0.5% 
to about 8.0%, of the adhesive agents although higher or lower 

25 amounts may be 6sed for particular applications. The adhesive 
agent hereof can . also be used to advantage in other cosmetic 
products, such as make-tip; mascara and eye^lfner, nail polish^ 
etc., as well as topical skin products such as creams and lotions, 
including for delivery of medicaments or other ingredients to the 
skin. The adhesive agent hereof can further be used for other 
adhesive applications, such as adhesive paper and backing paper, 
etc. 

The adhesive agent should have a weight average molecular 
weight of at least about 20,000. There is no upper limit for 
35 molecular weight except that which limits applicability of the 
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invention for practical reasons, such as processtn9, aesthetic 
characteristics, formulateability, etc. In general, the weight 
average molecular weight will be less than about 10,000,000, more 
generally less than about 5,000,000, and typically less than about 
5 3,000,000. Preferably, the weight average molecular weight will 
be between about 50,000 and about 2,000,000, more preferably 
between about 75,000 and about 1,000,000, most preferably between 
about 100,000 and about 750,000. 

Preferably, especially for cosmetic compositions, the 

10 adhesive agents hereof when dried to font a film have a Tg of at 
least about -20'C, preferably at least about 20'C, so that they 
are not sticKy, or "tacky" to the touch. As used herein, the 
abbreviation "Tg" refers to the glass transition temperature of 
the non-si licone backbone, and the abbreviation "Tm" refers to the 

15 crystalline melting point of the non-slllcone backbone, if such a 
transition exists for a given polymer. Preferably, the Tm, 1f any, 
is also above about -20*C, more preferably above about 20*C. 

The polymers useful in the compositions of the present 
invention are polysiloxane-grafted polymers of polymerizable 

20 "silicone-containing", or "polysiloxane-containing", monomers with 
non-slllcone-contalning monomers. The polysiloxane-grafted 
polymers should satisfy the following four criteria: 

(1) when dried the polymer phase-separates into a dis- 
continuous phase which Includes the silicone portion and 

25 a continuous phase which Includes the non-s1licone 

portion; 

(2) the sf licone portion is covalently grafted to the 
non-silicone portion; and 

(3) the molecular weight of the silicone portion is at least 
30 about 500; and 

When used in a composition, such as a cosmetic composition 
for application to the hair or skin, the non-silicone portion 
should render the entire polymer soluble or dispersible in the 
composition vehicle and permit the polymer to deposit on the 
35 intended surface, eg. hair or skin. 



wo 93/23446 



PCT/US93/04429 



The most preferred paTyners compHse an organic backbone* 
especially a carbon backbone such as a vinyl polymeric backbone, 
and also preferably, a polydiraethyTsiloxane macromer having a 
weight average molecular weight of at least about 500, preferably 
5 from about 1,000 to about 100,000, more preferably from about 
2,000 to about 50,000, most preferably about 5,000 to about 
20,000, is grafted to the backSbne. Organic backbones 
contenpUted tncTfrde those that are derived from polymerizible, 
ethy7en1ca11y unsaturated qnnoners. ThjBse include vinyl monomers, 

10 and other condensation monomers (eg., those that polymerize to 
form polyanides and polyesters) and ting-opening nononers (eg,, 
ethyl oxazollne and caprolactone). The polymer is such 

that when It Is formulated Into the finished composition, when 
dried, the polymer phase separates into a discontinuous phase 

15 which includes the polydimethylslloxane macromer and a continuous 
phase which includes the backbone. It is believed that this phase 
separation property provides a specific orientation of the polymer 
which results in the desired combination of tactile feel and 
setting, film-forming, or adhesive benefits. The phase-separating 

20 nature of the compositions of the present invention may be 
determined as follows: 

The polymer is cast as a solid film out of a good solvent 
(i.e., a solvent which dissolves both the backbone and the sill* 
cone). This film Is then sectioned and examined by transmission 

25 electron micrography. Kicrophase separation is demonstrated by 
the observation of inclusions in the continuous phase. These 
inclusions should have the proper size to match the size of the 
silicone chain (typically a few -hundred nm or less) and the proper 
density to match the amount of silicone present. This behavior is 

30 well documented in the literature for polymers with this structure 
(see, for example, S. D, Smith, Ph.D. Thesis, University of 
Virginia, 1987, and references cited therein). 

A second method for determining phase-separating character- 
istics involves examining the enrichment of the concentration of 

35 silicone at the surface of a polymer film relative to the 
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concentration 1n the bulk polymer. Since the silicone prefers the 
low energy air Interface, it preferentially orients on the polyaer 
surface. This produces a surface with the silicone oreinted at 
the surface of the film. This can be demonstrated experimentally 
5 by ESCA (electron spectroscopy for chemical analysis) of the dried 
film surface. Such an analysis shows a high level of silicone and 
a greatly reduced level of bacicbone polymer when the film surface 
is analyzed. (Surface here means the first few tens of Angstroms 
of film thickness.) By varying the angle of the interrogating 

10 beam the surface can be analyzed to varying depths. 

Examples of useful polymers and how they are made are 
described in detail in U.S. Patent 4,693,9*35, Nazurek, Issued 
September 15, 1987, U.S. Patent 4,728,571, Clemens et a1., Issued 
March 1, 1988, both of which are incorporated herein by reference. 

15 These polymers are comprised of: at least one free radically 
polyroerlzable vinyl monomer or monomers (A); and optionally at 
least one reinforcing monomer copolymerlzable with A which is "more 
hydrophllic than A and is selected from the group consisting of 
hydrophillc monomers and macromers having a Tg or a Tm above about 

20 -20*C (B). The polymers also comprise polysiloxane-containing 
monomers. (C) Polymerizable macromers which can be used herein 
shall be referred to herein collectively with polymerizable 
monomers as "monomers", for convenience. Hydrophobic monomers 
means monomers which form substantially water Insoluble 

25 homopolymers. Hydrophillc monomers means monomers which do not 
form substantially water insoluble homopolymers. Suitable 
polymers are also disclosed in EPO Application 90307528.1, 
published as EPO Application 0 408 311 A2 on January 11, 1991, 
Hayama, et al., U.S. Patent 5,061,481, Issued October 29, 1991, 

30 Suzuki et al., U.S. Patent 5,106,609, Bolich et al., issued April 
21, 1992, U.S. Patent 5,100,658, Bolich et al., issued March 31, 
1992, U.S. Patent 5,100,657, Ansher- Jackson, et al., issued March 
31, 1992, U.S. Patent 5,104,646, Bolich et al., issued April 14, 
1992, U.S. Serial No. 07/758,319, Bolich et al, filed August 27, 

35 1991, and U.S. Serial No. 07/758,320, Torgerson et al., filed 
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August 27, 1991, aTT of which are tncorporated by reference 
herein. 

The poTysHoxane-grafted polymers hereof comprise from about 
IX to about SOX, by weight of C monomers, i.e., the 
5 polysiloxane-contalning monomers, and from about 50X to about 99X 
by weight, of non-polysfloxane-containing monomers, which can be 
monomers selected from the group consisting of A and B monomers, 
and mixtures thereof. 

Representative examples of hydrophobic, A monomers are 

10 acrylic or methacryllc acid esters of Ci-Cn alcohols, such as 
methanol, ethanoT, methftxy ethanol, l-propanol, 2-propanol, 
1-butanol, Z-methyl-l-propanol, l-pentuiol» 2-pentanol, 3>penta- 
nol, 2-methy1-l-butaAol, t-methyl-l-butanoT, 3-nethyl -1-butanol, 
l-methyl-l-pentanol» 2-methyl-l-pentanoT, 3-methyl-l-pentanoK 

15 t'-butanol(2-methyl-2-propano1), cyclohexanol , neodecanoT, 2-ethy1- 
1-butanoT, 3-heptano1, benzyl alcohol, 2-octanol, 6-methyl-l- 
heptanol, 2-ethyl-l-hexaool, 3,5-dimethyl-l-hexanol, 3,5,S-tri- 
methyl-l-hexanol, I-decanol, 1-dodecanol, 1-hexadecanol, 1-octa- 
decanol, and the like, the alcohols having from about 1-18 carbon 

20 atoms with the number of carbon atoms preferably being from about 
1-12; styrene; polystyrene macromer; vinyl acetate; vinyl chlo- 
ride; vinylidene chloride; vinyl propionate; alpha-methyl styrene; 
t-butylstyrene; butadiene; cyclohexatfiene; ethylene; propylene; 
viityl toluene; and mixtures thereof. Preferred A monomers include 

25 n-l»utyl methacrylate, isobtttyl oethacryTate, t-butyl acrylate, 
t-butyl methacrylate, 2-eth!ylhe]v1 methacrylate, methyl meth- 
acrylate, and mixtures thereof. Host preferably, A is selected 
from t-butyl acrylate» t-butyl methacrylate, and mixtures thereof. 
Representative examples of hydrophilic, B monomers include 

30 acrylic acid, methacryllc acid, N,H-dimethylacryl amide, dimethyl - 
aminoethyl methacrylate, quatemized dimethyl ami noethyT meth- 
acrylate, raethacrylamide, N-t-butyl acrylaraide, maleic acid, 
raaleic anhydride and its half esters, crotonic acid, itaconic 
acid, acryl amide, acrylate alcohols, hydroxyethyl methacrylate, 

35 diallyldimethyl ammonium chloride, vinyl pyrrolidone, vinyl ethers 
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(such as methyl vinyl ether), maleimides, vinyl pyridine, vinyl 
imidazole, other polar vinyl heterocyclics, styrene sulfonate, 
allyl alcohol, vinyl alcohol (produced by the hydrolysis of vinyl 
acetate after polymerization), vinyl caprolactam, and mixtures 
5 thereof. Preferred B monomers Include acrylic acid, N,N-dimethyl- 
acryl amide, dimethyl ami noethyl methacrylate, quaternlzed dimethyl - 
aminoethyl methacrylate, vinyl pyrrol Idone, salts of acids and 
amines listed above, and mixtures thereof. 

The preferred palymerlzable polyslloxane-contalning monomer 
10 (C monomer) can be exemplified by the general formula: 

X{Y)nS1(R)3.mZB 

wherein X Is a vinyl group copolymerlzable with the A and B 
monomers; Y is a divalent linking grOup; R Is a hydrogen, 
hydroxyl, lower alkyl (e.g. C1-C4), aryl, alkaryl, alkoxy, or 

IS alKylamlno; Z is a monovalent siloxane polymeric moiety having a 
number average molecular weight of at least about 500, Is 
essentially unreactive under copolymerization conditions, and is 
pendant from the vinyl polymeric backbone described above; n is 0 
or 1; and m is an integer from 1 to 3. C has a weight average 

20 nolecular weight as described above. Preferably, the C monomer 
has a formula selected from the following group: 

xi-0.(CH,)q-(0)p-Si(Ri)3.m Z„ 

25 

In this structure, m is 1, 2 or 3 (preferably ■ « 1); p is 0 
or 1; q is an Integer from 2 to 6; R^ is hydrogen, hydro]^!, lower 
alkyl, alkoxy^ alKy^lMino, aryl, or alkaryl (preferably R* is 
alKyl); X is 
30 fH-C- 

R2 is hydrogen or -COOH (preferably R* Is hydrogen); R^ is 
hydrogen, methyl or -CHjCOOH (preferably R' Is methyl); Z is 

35 R*-{-[i-G-)r; 
R« 
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R*t Rs, and R* independently are Tower alKyl, alkoxy, alKylanlno, 
aryl, arkaryT, hydrogen or f^dro^^l (pr«ferabty R^, R', and Rc are 
aTKyTs); and r is an integer of about 5 or higher, preferably 
about 10 to about 1500 (most preferably r ts from about 100 to 
5 about 250). Host preferably, R«, R*, and R* are methyl, p-0, and 
q-3. 

In general, the total of A and B monomers in the adhesive 
agent polymer will preferably he from about 50% to about 99%, more 
preferably fnmi about 60%^ to about 98%, most preferably from about 

10 75% to about 95}%^ by weight of the pioTyiier of the adhesive agent. 
The level of A monomers can be ftroir OX to about 99%; the level of 
B monomers, from CM( to about 99%; and the level of C mononers, 
froor 1% to about 50%, preferably from about 1% to about 40%, more 
preferably from about 2% to about. 25%* of monomer C. The 

15 composition of any particular adhesive agent polymer will help 
determine its formuTational properties. In fact, by appropriate 
selection and combination of particular A, B and C components, the 
adhesive agent polymer can be optimized for inclusion in specific 
vehicles. For example, polymers which are soluble in an aqueous 

20 formulation or other polar or hydrophilic solvents preferably have 
from about 0% to about 85% (preferably from about 5% to about 70%) 
monomer A, from about 14% to about 95% (preferably from about 29% 
to about 80%) monomer B, and from about 1% to aboiit 40% 
(preferably fron about 2% to about 25%) monomer C. Polyraers which 

25 are disperslble in aqueous formulations have the preferred 
cnnposition: from about 0% to about 70% (preferably from about 5% 
to about 70%) monomer A, from about 20% to about 80% (preferably 
from about 20% ta about 60%> monomer B, and from about 1% to about 
40% (preferably from about 2% to about 25%) (Bonomer C. Polymers 

30 which are soluble or dispersible in less polar or nonpolar 
solvents, such as cyclomethicone, preferably comprise from about 
5% to about 98% (preferably from about 50% to about 90%) of 
monomer A, from 0 to about 80% (preferably fron 0% to about 45%, 
nost preferably from 0% to about 20%: of monomer B, and from about 

35 
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1% to about 40X (preferably fron about 2% to about 25X) of mononer 
C. 

The polysiloxane-grafted polymers can be synthesized as 
follows. In general » the polymers can be made by free radical 
5 polymerization of silicone- or polysiloxane-containing monomers 
with non-silicone- or non-polysiloxane-containing monomers. The 
filming forming, cosmetic agent comprising this product is 
prepared by substantially removing the unreacted 
polysiloxane-containing nononers and polysiloxane-grafted polymers 
10 which have a fluid viscosity at 25*C of below about 10,000,000, to 
the levels defined by silicon present as described above. The 
monomer and polymeric material removed are both of relatively low 
molecular weight, compared to the molecular weight of the cosmetic 
agent hereof. 

15 It is not intended to necessarily exclude from this Invention 

any polysiloxane-grafted polymer made by free radical 
polymerization or by means other than free radical polymerization, 
so long as the product is substantially free of the 
above-mentioned, undesired mateials, either by means of 

20 purification subsequent to reaction or as a result of an improved 
reaction or different type of synthesis. However, it is to be 
understood that block copolymers of alternating organic block and 
silicone blocks are not included as polysiloxane-grafted polymers. 
The general principles of free radical polymerization methods 

25 are well understood. See, for example, Odian, "Principles of 
Polymerization", 2nd edition, John Ifiley & Sons, 1981, pp. 
179-318. The desired monomers are all placed in a reactor, along 
with a sufficient amount of a mutual solvent so that when the 
reaction is complete the viscosity of the reaction is reasonable. 

30 Typica.1 monomer loadings are from about 20X to about SOX. 
Undesired terminators, especially oxygen, are removed as needed. 
This is done by evacuation or by purging with an inert gas, such 
as argon or nitrogen. The initiator is introduced and the re- 
action brought to the temperature needed for initiation to occur, 

35 assuming thermal initiators are used. Alternatively, redox or 
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radiation Initiation can bet used as desired « The polymerization 
Is allowed to proceed as long as needed for a high level of 
conversion to be achieved, typically from a few hours to a few 
days. The solvent is then removed, usually by evaporation or by 
5 precipitating the polymer by addition of a nonsoTvent. The 
polymer is further purified, as needed. 

By way of exampH, Polymers U II and III, described above, 
are synthesized: tn the f allowing manner* There are numerous 
varf atlotts . or these procedures which are 4snt1rely up to the 

10 discretion of the synthetic chemist (e.g., choice of degassing 
method and gas, choice of initiator typ6, extent of conversion, 
reaction loading, etc). The choice of initiator and solvent are 
often determined by the requirements of the particular monomers 
used, since different monomers have different solubilities and 

15 different reactivities to t specific initiator. 

Poljrmer I: Place 20 parts acrylic acid, 60 parts t-butyl- 
acrylate, and 20 parts poly stloxane (10,000 MW) -containing monomer 
in a flask. Add sufficient ethyl acetate or acetone (preferably 
acetone) as the reaction solvent to produce a final monomer 

20 concentration of 40%. Add initiator, benzoyl peroxide, to a level 
of 0.5X by weight rieiative to the amount of monomer. Evacuate the 
vessel, and refill with nitrogen. Heat to 60'C and maintain this 
temperature for 48 hours while agitating. Terminate the reaction 
by cooling to room temperature, and dry off the reaction solvent 

25 by pouring the reaction mixture into a teflon-coated pan and 
placing in a vacuum oven. A similar procedure can be used to make 
an 80V120K t-butyl acrylate/polysiloxane (10,.000 («) -containing 
monomer. Ethyl acetate is the preferred solvent for this 
synthesis. 

30 Polymer II; Place 20 parts N,H-dimethylacryl amide, CO parts 

isobutylmethacrylate, and 20 parts silicone macromer in a reaction 
vessel fitted with a temperature probe, reflux condenser, inlet 
port, and a-^on sparge. Add sufficient toluene to bring the final 
monomer concentration to 20% by weight. Sparge with argon for I 

35 to 2 hours. While sparging, heat to 62*C in a water bath. Add 
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initiator, azobisisobutyronitrile, to a level of 0.25% by weight 
relative to the weight of monomer present. Maintain temperature 
at 62*C, with a sufficient rate of argon flow to keep the solution 
mixed. Monitor the reaction visually, ensuring that no phase 
5 separation of reactants occurs during polymerization. If any 
turbidity Is observed, add sufficient warm degassed toluene to 
eliminate the turbidity. Continue" to monitor throughout the 
reaction. Terminate the reaction after 4 to 6 hours and purify as 
with Polymer I. 

10 Polymer III: Place 10.5 parts N,N-d1methy1metkacry1 amide, 56 

parts Isobutyl methacrylate, 3.5 parts 2-etlvlhe;vl«ethacrylate, 
and 30 parts lOK PDMS macromer in a reaction vessel fitted with an 
argon sparge, temperature probe, reflux condenser and Inlet port. 
Add sufficient toluene or isopropanol to bring the final monomer 

15 concentration to 20% by weight. Begin stirring and sparge with 
argon for 1 hour. While sparging, heat to 60*C in a water bath. 
Add initiator, azobisisobutyronitrile, to a level of 0.25% (if 
toluene is the solvent) or 0.125% (if isopropanol is the solvent) 
by weight relative to the weight of monomer present. Continue 

20 stirring and a slow argon sparge and maintain the reaction tem- 
perature at 60'C. Allow to react for 6 hours. Terminate the 
reaction and remove the solvent as with Polymer II. 

Removal of unwanted polyslloxane-contalning monomer and/or 
polysiloxane-grafted polymeric material that has viscosity below 

25 10,000,000 at 25*C from free radically polymerized product can be 
done by any means known In the art. The materials to be removed, 
in general, will be of lower molecular weight than the average 
molecular weight of the polymer material prior to extraction. 
Also, such materials to be removed will contain a relatively high 

30 proportion of polysiloxane relative to the organic 
component-generally, although not necessarily, in excess of 50% 
polysiloxane. 

Techniques suitable for removing the unwanted material 
Include a variety of standard procedures known in the art. 

35 
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One method that can be used is supercritical fluid 
extraction, such as with supercritical carbon df oxide. 

Supercritical fluid extraction is carried out on polymer 
which has been dried from the original reaction mixture to remove 
5 excess reaction solvent. Dried polymer is preferably ground to 
create a fine powder, which allows for increased surface area and 
naxfnum extraction efficiency. Extraction can be carried out 
using supercritfcaT carbon dioxide in conventional extractors 
suitable for supercritical fluid extraction. The extraction 

10 should be conducted at a temperature of at least about 40 deg C 
and a pressure of betMeen about 400-600 atmospheres. The 
particular temperature and pressure will depend upon criteria well 
known in the art, such as specific solvent, polymer sample size, 
fineness of the ground material, and the desired extraction 

15 efficiency. Extraction occurs via continuous purging under 
pressure with supercritical carbon dioxide, typically over a 
period of about 1-4 hours. Unreacted polysiloxane-containing 
monomer and Tow molecular weight polysiloxane-containing polymer 
is solubiTized by carbon dioxide and is then transported away from 

20 the remaining polymer via standard procedures, e.g., by a transfer 
line. 

Another generally applicable method is membrtne. separa^tPA, 
performed in accordance with standard techiques known in the art. 
A method which can be useful, particularly for adhesive 

25 agents utilizing poly^iloxane-grafted polymers that are soluble in 
watery alcohol » or other polar solvents, is solvent extraction 
with a. nonpolar solvent. Suitable solvents include Cj-Cg 
hydrocarbons, preferably Cs -Cs hydrocarbons, such as hexane. 
Before performing the extraction, the polymer reaction product is 

30 precipitated out of the reaction solvent (e.g., with water), and 
dried. The extraction solvent is preferably heated to near or 
slightly above the average Tg of the non-silicone backbone portion 
of the polysiloxane-grafted polymer of the adhesive agent. The 
temperature should be high enough so that the polymer softens, but 

35 not so high such that it congeals, the Tg of the polymer will 
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var^ from species to species of po1>ner. The extraction solvent 
and reaction product can be mixed before, or after heating the 
solvent. The extraction solvent and polymer reaction product 
should be held with mixing and preferably in an excess of solvent, 
5 for a reasonable period to effectuate removal of the soluble 
materials. This period will depend upon the reflux temperature of 
the solvent, the Tg of the polysiloxane-grafted polymer of the 
adhesive agent, the tonperature to which the solvent is actually 
heated, the desired level of removal of unreacted monomer and the 

10 polysiloxane-containing polymer having viscosity at 2S*C below 
about 10,000,000, and the number of cycles of solvent extraction 
to be performed. Typically, the solvent extraction periods will 
be from about one-half hour to about two hours, more typically 
from about one-half hour to about one hour. The solvent can be 

15 removed after each cycle by conventional means, e.g., decanting, 
filtering, etc., with drying or dtstlllation to remove trace 
extraction solvent remaining in the product after the final 
extraction cycle. 

Analysis of the polymer reaction product and the extracted 

20 materials, and the purified film- forming agent can be done by 
conventional analysis techniques known in the art. These Include, 
for example, nuclear magnetic resource (NMR), Infrared molecular 
spectroscopies, gel permeation/size exclusion chromatography, and 
atomic absorption and emission spectroscopies. 

25 

Carrier 

The cosmetic compositions of the invention comprise the a 
carrier, or a mixture of such carriers, which are suitable for 
application to skin or hair. The carriers are present at from 

30 about. 0.5% to about 99.5%, preferably from about 5.0% to about 
99.5%; most preferably from about 10.0% to about 98.0%, of the 
coi^osltion. As used herein, the phrase 'suitable for application 
to hair" means that the carrier does not damage or negatively 
affect the aesthetics of hair or cause irritation to skin. Choice 

35 of appropriate solvent will also depend on the particular polymer 
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to be used, and whether the product fomulated Is meant to be left 
on the surface to which It is applied {e.g.» hair spray, mousse, 
tonic) or rinsed off (e.g., shampoo, conditioner) after use. 

The carriers used herein include solvents, as well as other 
S carrier or vehicle components conventionally used in hair care 
coiqiosTtTons. The solvent selected must be able to dissolve or 
disperse the particular silicone-grafted polymer being used. The 
silf cone-grafted polymers can be designed, by appropriate 
combination of monomers, for formulation with a wide range of 

10 solvents. Suitable solvents, for use in the present invention 
fncludef, but are not limited to, water, lower alcohols (e.g. Cx-Cg 
monohydric alcohols, such as ethanol and isopropanol), hydro- 
alcoholic mixtures, hydrocarbons (such as -isobutane, hexane, 
decene, acetone), halogenated hydrocarbons (such as Freon)^ lina- 

15 lool, hydrocarbon esters (such as ethyl acetate, dibutyl phtha- 
late), volatile silicon derivatives, especially siloxanes (such as 
phenyl pentamethyl dislloxane, methoxypropyl heptamethyl cyclo- 
tetrasiloxane, chloropropyl pentamethyl dislloxane, hydroxypropyl 
pentamethyl disiloxane, octamethyl cyclotetrasiloxane, decamethyl 

20 cyclopentasiloxane, cycTomethicone, and dimethicone (having for 
example, viscosity at 25*C of about 15 centipoise or less), and 
mixtures thereof. Preferred solvents include water, ethanol, 
volatile silicone derivatives, and mixtures thereof. The solvents 
used in such mixtures ma^ be nriscible or Innlscible with each 

25 other. 

Where the cosmetic compositions are conditioner compositions, 
such as hair rinses er skin conditioners the carrier m^y include 
gel vehicle materials. This gel vehicle comprises two essential 
components: a lipid vehicle material and a cationic surfactant 

30 vehicle material. Cationic surfactant materials are described in 
detail below. Gel-type vehicles are generally described in the 
following documents, all incorporated by reference herein: Barry, 
"The Self Bodying Action of the Hixed Emulsifier Sodium Dodecyl 
Sulfate/Cetyl Alcohol", 28 J. of Colloid and Interface Science 

35 82-91 (1968); Barry, et al., "The Self-Bodying Action of 
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AlkyUriinethylaiBmoniuin Bromldes/Cetostearyl Alcohol Hixed 
Ewulsifiers; Influence of Quaternary Chain Length", 35 J. of 
Colloid and Interface Science 689-708 (1971); and Barry, et al., 
"Rheology of Systems Containing Cetomacrogol 1000 - Cetostearyl 
5 Alcohol, I. Self Bodying Action", 38 J. of Colloid and Interf^^ P 
Science 616-625 (1972). 

The carrier nay incorporate one or n»re lipid vehicle 
materials which are essentially water-insolubTe, and contain 
hydrophobic and hydrophtlic moieties. Lipid vehicle Materials 

10 include naturally or synthetically-derived acids, acid deriva- 
tives, alcohols, esters, ethers, ketones, and amides with carbon 
chains of from about 12 to about 22, preferably from about 16 to 
about 18, carbon atoms in length. Fatty alcohols and fatty esters 
are preferred; fatty alcohols are particularly preferred. 

15 Lipid vehicle materials among those useful herein are dis- 

closed in Bailev^s Industrial Oil and Fat Products. {3rd edition, 
D. Swern, ed., 1979), incorporated by reference herein. Fatty 
alcohols included among those useful herein are disclosed in the 
following documents, all incorporated by reference herein: U.S. 

20 Patent 3,155,591, Hilfer, issued November 3, 1964; U.S. Patent 
4,165,369, Uatanabe, et al., issued August 21, 1979; U.S. Patent 
4,269,824, Villamarin, et al.. Issued Nay 26, 1981; British 
Specification 1,532,585, published November 15, 1978; and Fuku- 
shlma, et al., "The Effect of Cetostearyl Alcohol in Cosmetic 

25 Emulsions". 98 Cosmetics ft Toiletries 89-11? (1983). Fatty esters 
included among those useful herein are disclosed in U.S. Patent 
3,341,465, Kaufman, et al., issued September 12, 1976 (Incor- 
porated by reference herein). If included in the compositions of 
the present invention, the lipid vehicle material is present at 

30 from about 0.1% to about 10.0% of the composition; the cationic 
surfactant vehicle material is present at from about 0.05% to 
about 5.0% of the composition. 

Preferred esters for use herein include cetyl palmitate and 
glycerylmonostearate. Cetyl alcohol and stearyl alcohol are 

35 preferred alcohols. A particularly preferred lipid vehicle 
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material Is coqtrised of a mixture of cetyl alcohol and stearyl 
alcohol containing from about 55X to ahout SSX (by weight of 
mixture) of cetyl alcohol. 

Preferred carrier, fitir use in the compositions of the present 

5 Invention, especially for hair rinses, include combinations of 
hydrophobically-raodified hydroxyethyl cellulose materials with 
thickeners (such as locust bean gum), particular surfactants, 
quaternary ammonium compounds (such as ditallowdimethyl ammonium 
chloride), and/or chelating agents (such as EDTA). These vehicles 

10 are described in detail in the following patents: U.S. Patent 
5,106,609, issued April 21, 1992 to Bofich «t al.» U.S. PUent 
5,100,658, issued Harch 31, 1992 to Bolich et al.. U.S. Patent 
5,104,646» issued April 14, 1992 to Bolich et al« and U.S. Patent 
5,IQQ,6S7, issued Harch 31, 1992 to Ansher-Jackson et al., each 

15 incorporated herein by r«fiarence. 

Carriers, suitable for use with the present invention 
Include, for example, those used In the formulation of tonics, 
mousses, gels and hair sprays. Tonics, gels and non-aerosol hair 
sprays utilize a solvent such as water or alcohol while mousses 

20 and aerosol hair sprays additionally utilize a propellant such as 
trichlorofluoromethane, dichlorodifluoromethane, diflUoroethane, 
dimethyl ether, propane^ n-butane or isobutane. A tonic or hair 
spray product having a low viscosity may also utilize an emul- 
sifying agent. Examples of suitable mulsifying agents include 

25 nontoniCi cationic, anionic surfactants, or nixtures thereof. 
Fluorosurfactants are especially preferred, particularly if the 
product is a hair spray composition and most especially if it is a 
spr«y composition having relatively low levels of volatile organic 
solvents, such as alcohols, and relatively high levels of water 

30 (e'9-> in excess of about by weight water). If such an 
emulsifying agent is used, it is preferably present at a level of 
from about 0.01% to about 7.5% of the composition. The level of 
propellant can be adjusted as desired but is generally from about 
3% to about 30% of mousse compositions and from about 15% to about 

35 50% of the aerosol hair spray compositions. 
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Suitable spray containers are well known In the art and 
Include conventional, non-aerosol punp sprays I.e., "atomizers," 
aerosol containers or can having propellant, as described above, 
and also puiq> aerosol containers utilizing compressed air as the 

5 propellent. Pump aerosol containers are disclosed, for example, 
in U.S. Patents 4,077,441, March 7, 1978, Olofsson and 4,850,577, 
July 25, 1989, TerStege, both incorporated by reference herein, 
and also in U.S. Serial No. 07/839,648, Gosselln, Lund, Sojka, and 
Lefebvre, filed February 21, 1992, "Consumer Product Package 

10 Incorporating A Spray Device Utilizing Large Diameter Bubbles. 
Punp aerosols hair sprays using compressed air are also currently 
marketed by The Procter & Gamble Compai\y under their tradename 
VIDAL SASSOON AIRSPRAY* hair sprays. 

15 The . cosmetic compositions of the present invention may be 

formulated in a wide variety of product types, including mousses, 
gels, lotions, tonics, sprays, shampoos and conditioners. The 
additional components required to formulate such products vary 
with product type and can be routinely chosen by one skilled in 

20 the hair care product art. The following is a description of some 
of these additional components. 
Surfactants 

Surfactants are preferred optional ingredients in the compo- 
sitions of the invention, particularly shampoo and conditioner 

25 compositions. When present, the surfactant comprises from about 
0.05X to about 50% of the composition. For a shampoo, the level 
Is preferably from about lOX to about SOX, most preferably from 
about 12X to about 25X, of the composition. For conditioners, the 
preferred level of surfactant is from about 0.2% to about 3%. 

30 Surfactants useful in compositions of the present invention 
include anionic, nonionic, cationic, zwitterionic and amphoteric 
surfactants. 

Synthetic anionic detergents useful herein, particularly for 
shampoo compositions, include alKyl and alkyl ether sulfates. 
35 These materials typically have the respective formulae ROSO3M and 



Pa7US!>3/04429 



R0{C2H40)xS03H, wherein R ts alKyT or tlkenyT of from about 10 to 
about 20 carbon atoms, x Is I to I0» and H Is a water-soluble 
cation such as ammonium, sodium, potassium and triethan«1 amine. 
Another suitable class of anionic surfactants are the water- 
5 soluble salts of the organic,, sulfuric acid reaction products of 
the general formula: 
R1-SO3-M 

wherein Ri is chosen from the group consisting of a straight or 
branched chain, saturated aliphatic hydrocarbon radical having 

10 from about 8 to about 24, preferably about 12 to about 18, carbon 
atoms; and H is a cation. Important examples are the salts of an 
organic sulfuric acid reaction product of a hydrocarbon of the 
methane series, including iso-, neo>, and n-paraffins, having 
about 8 to about 24 carbon atoms, preferably about 12 to about 18 

15 carbon atoms and a sulfonating agent» e.g.,. SO}, H2SO4, oleum. 
Obtained according to icnoMn sulfonation methods, including 
bleaching and hydrolysis. Preferred are alkali metal and ammonium 
sulfonated C12-I8 n-paraffins. 

Additional examples of anionic synthetic surfactants which 

20 come within the terms of the present invention are the reaction 
products of fatty acids esterified with isethionic acid and 
neutralized with sodium hydroxide where, for example, the fatty 
acids are derived from coconut oil; sodium or potassium salts of 
fatty acid amides of methyl tauride in which the fatty acids, for 

25 example, are derived from coconut oil. Other anionic synthetic 
surfactants of this variety are set forth in U.S. Patents 
2,486,921; 2,486,922; and 2,396,278. 

Still other anionic synthetic surfactants include the class 
designated as succinamates. This class includes such surface 

30 active agents as disodium N-octadecylsulfosuccinamate; tetrasodium 
N-(l ,2-dicarboxyethyl )-N-octadecy1sulfosuccinamate; dlaiqyl ester 
of sodium sulfbsuccinic acid; dihexyl ester of sodium sulfosuc- 
cinic acid; dtoctyl esters of sodium sulfosuccinic acid. 

Other suitable anionic surfactants utilizable herein are 

35 olefin sulfonates having about 12 to about 24 carbon atoms. The 
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tern "olefin sulfonates" Is used herein to mean compounds which 
can be produced by the sulfonation of a-olefins by means of 
uncoraplexed sulfur tri oxide, followed by neutralization of the 
acid reaction mixture in conditions such that any sultones which 
5 have been formed in the reaction are hydrolyzed to give the 
corresponding hydroxy -alkanesulfonates. The cr-olefins from which 
the olefin sulfonates are derived are mono-olefins having about 12 
to about 24 carbon atoms, preferably about 14 to about 16 carbon 
atoms. Another class of anionic organic surfactants are the 
10 fi'ilkyUxy alkane sulfonates. These compounds have the following 
formula: 

0R2 H 
I I 
Rl - C - C - SO3M 
15 I I 

H H 

where Ri is a straight chain alRyl group having from about 6 to 
about 20 carbon atoms, R2 is a lower alKyl group having from about 
1 (preferred) to about 3 carbon atoms, and M is a water-soluble 

20 cation as hereinbefore described. 

Many additional nonsoap synthetic anionic surfactants are 
described in McCutcheon^s. Deteragn ts and Emul si fieri;. IQfld 
Annual, published by Allured Publishing Corporation, which is 
incorporated herein by reference. Also U.S. Patent 3,929,678, 

25 Laughlin et al., Issued December 30, 1975, discloses many other 
anionic as well as other surfactant types and is incorporated 
herein by reference. 

Nonlonic surfactants, which are preferably used in combina- 
tion with an anionic, amphoteric or zwitterionic surfactant, can 

30 be broadly defined as compounds produced by the condensation of 
alkylene oxide groups (hydrophllic In nature) with an organic 
hydrophobic compound, which may be aliphatic or alkyl aromatic in 
nature. Examples of preferred classes of nonlonic surfactants 
are: 

35 
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Z. Those derived from the condensation of ethylene oxide 
with the product resulting from the reaction of propylene oxide « 
and ethylene dianint products. 

a. The condensation product <>f aliphatic alcohols having « 
5 from about 8 to about IS carbon atoms, in either straight chatii or 
branched chain configuration, with ethylene oxide« e.g., a coconut 
alcohol ethylene oxide condensate having from about 10 to about 3Q 
moles of ethylene oxide per mole of coconut alcohol, the coconut 
alcohol fraction having front about 10 to about 14 carbon atoms. 

10 4. Long chain tertiary amine oxides such as those 

corresponding to the following general formula: 

R1R2R3N - -> 0 

wherein Ri contains an aHqrl, alkenyl or raonohydroxy alkyl radical 
of from about 8 to about 18 carbon atoms, from 0 to about 10 

15 ethylene oxide moieties, and from 0 to about 1 glyceryl moiety, 
and and 1^ contain from about I to about 3 carbon atoms and 
from 0 to about 1 hydroxy group, e.g., nethyT, ethyl, propyl, 
hydroxyethyl, or hydroxypropyT radicals (the arrow in the formula 
is a conventional representation of a semipolar bond}. 

2a 5. Long chain tertiary phosphine oxides corresponding to 

the following general fomwla: 

RR'R"P >0 

wherein R contains an alkyl, alkenyl or raonohydroxyalkyl radical 
ranging from about 8 to about 18 carbon atoms in chain length, 

25 from 0 to about 10 ethylene oxide moieties and from 0 to about 1 
glyceryl moiety and R' and R" are each alkyl or raonohydroxyalkyl 
groups containing from about 1 to about 3 carbon atoms. The arrow 
in the formula is a conventional representation of a semipolar 
bond. 

30 6^ Long chain dialkyl sulfoxides containing one short chain 

alkyl or hydroxy alkyl radical of from about 1 to about 3 carbon 
atoms (usually methyl} and one long hydrophobic chain which 
include aU^l, alkenyl, hydroxy alkyl, or keto alkyl radicals 
containing from about 8 to about 20 carbon atoms, from 0 to about 

35 10 ethylene oxide moieties and from 0 to about 1 glyceryl moiety. 
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Examples Include: octadecyl methyl sulfoxide, 2-ketotr1decy1 
methyl sulfoxide, 3,6,9, -trixaoctadecyl 2-hydroxyethyl sulfoxide, 
dodecyl methyl sulfoxide, oleyl 3-hydroxypropyl sulfoxide, tetra- 
decyl methyl sulfoxide, 3-methoxytridecyl methyl sulfoxide, 
5 3-hydroxytridecyl methyl sulfoxide, 3-hydiP'oxy-4-dodecoxybutyl 
methyl sulfoxide. 

Cationic surfactants useful in compositions of the present 
Invention, particularly the conditioner compositions, contain 
amino or quaternary ammonium hydrophllic moieties which are 

10 positively charged when dissolved in the aqueous composition of 
the present invention. Cationic surfactants among those useful 
herein are disclosed in the following documents, all incorporated 
by reference herein: M.C. Publishing Co., McCutcheon^s. Deter- 
qgnts ElHMls1f1er$» (North Amrlcan edition 1979); Schwartz, et 

15 al.. Surface Active Agents. Their Chemistry and Teehnoloov . New 
York: Interscience Publishers, 1949; U.S. Patent 3,155,591, 
Hilfer, issued November 3, 1964; U.S. Patent 3,929,678, Laughlin, 
et al.. Issued December 30, 1975; U.S. Patent 3,959,461, Bailey, 
et al., issued May 25, 1976; and U.S. Patent 4,387,090, Bollch, 

20 Jr., issued June 7, 1983. If Included in the compositions of the 
present invention, the cationic surfactant Is present at from 
about 0.05% to about 5%. 

Among the quaternary ammonium-containing cationic surfactant 
materials useful herein are those of the general formula: 



wherein R1-R4 are Independently an aliphatic group of from about 1 
to about 22 carbon atoms, or an aromatic, alkoxy, polyoxyalkylene, 
30 alkylamido, hydroxyalKyl, aryl or alkylaryl group having from 
about 12 to about 22 carbon atoms; and X is an anion selected from 
halogen, acetate, phosphate, nitrate and alkylsulfate radicals. 
The aliphatic groups may contain, in addition to carbon and 
hydrogen atoms, ether linkages, and other groups such as amino 



25 




+ 



X" 



35 
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groups. The longer chain aliphatic groups* eg., those of about 12 
carbons, or higher, can be saturated or unsaturated. . 

Other quaternary ammoniun saTts useful herein are 
diquaternary amnohiuiii salts, such as tallovt propane dlainmoniuifl 

5 dichloride. 

Quaternary amnoniuBi salts include diaTkyldimethyl-anmoniura 
chlorides^ wherein the alkyi groups have from about TZ to about 22 
carbon atoms and are derived from long-chain fatty acids, such as 
hydrogenated tallow fatty acid (tallow fatty acids yield 

10 quaternary compotinds wherein Ri and R2 have predominately from 16 
to 18 carbon atoms). Examples of quaternary ammonium salts useful 
In the present invention include ditallowdimethyl ammonium chlo- 
ride, ditallowdimethyl ammonium methyl sulfate, dfhexadecyl 
dimethyl ammoniun chloride, di (hydrogenated tallow) dimethyl 

IS annonium chloride, dioctadecyl dimethyl aimoniun chloride, diel- 
cosyl dimethyl ammonium chloride, didocosyl dimethyl ammonium 
chloride, di (hydrogenated tallow) dimethyl ammonium acetate, 
dihexadecyl dimethyl ammonfum chloride, dihexadecyl dimethyl 
ammonium acetate, ditallour dipropyl ammonium phasphate, ditallow 

20 dimethyl ammonium nitrate, di(coconutalkyl} dimethyl ammonium 
chloride, and stearyl dimethyl benzyl amndnium chloride. Ditallow 
dimethyl ammonium chloride, dicetyl dimethyl ammonium chloride, 
stearyl dimethyl benzyl ammonium chloride and cetyl trimethyl 
ammonium chloride are preferred quaternary ammonium salts useful 

25 herein. Oi-(saturated or unsaturated tallow) dimethyl ammonium 
chloride is a particularly preferred quaternary ammonium salt. 

Salts of primary, secondary and tertiary fatty amines are 
also suitable catlonic surfactant materials. The alKyl groups of 
such amines preferably have from about 12 to about 22 carbon 

30 atoms, and may be substituted or unsubstituted. Such amines, 
useful herein. Include stearamido propyl dimethyl amine, diethyl 
amino ethyl stearamide, dimethyl stearamlne, dimethyl soyamine, 
soyaraine, myristyl amine, tridecyl amine, ethyl stearyl amine ,' 
K-tallowpropane diamine, ethoxylated (5 moles E.G.) stearylaraine, 

35 dihydroxy ethyl stearylamine, and arachidylbehenyl amine. Suitable 



wo 93/23446 



PCT/US93/04429 



- 25 - 

amine salts include the halogen, acetate, phosphate, nitrate, 
citrate, lactate and alKyl sulfate salts. Such salts Include 
stearylamine hydrochloride, soyanine chloride, stearyl amine 
formate, N-ta11owpropane diamine dichloride and stearamidopropyl 

5 dlmethylamine citrate. Cationic amine surfactants Included among 
those useful in the present invention are disclosed In U.S. Patent 
4,27S,055, NachtigaTT et al., issued June 23, 1981, incorporated 
by reference herein. 

Zwitterionic surfactants, useful in shampoos as well as 

10 conditioners, are exemplified by those which can be broadly 
described as derivatives of aliphatic quaternary ammonium, phos- 
phonlum, and sulfoniun compounds, in which the aliphatic radicals 
can be straight or branched chain, and wherein one of the ali- 
phatic substltuents contains from about 8 to about IB carbon atoms 

IS and one contains an anionic water-sol ubillzing group, e.g., 
carboK/i sulfonate, sulfate, phosphate, or phosphonate. A general 
formula for these compounds is: 
(R^)x 
I 

20 r2.-..y(+)— -CHz-— R*— -Z(-) 

wherein r2 contains an alkyl, alkenyl, or hydroxy alkyl radical of 
from about 8 to about 18 carbon atoms, from 0 to about 10 ethylene 
oxide moieties and from 0 to about 1 glyceryl moiety; Y is se- 
lected from the group consisting of nitrogen, phosphorus, and 

25 sulfur atoms; is an alKyl or nonohydroxyalRyl group containing 
about 1 to about 3 carbon atoms; X Is 1 when Y is a sulfur atom, 
and 2 when Y Is a nitrogen or phosphorus atom; is an alKylene 
or hydroxyalKylene of from about 1 to about 4 carbon atoms and 1 
is a radical selected from the group consisting of carboxylate, 

30 sulfonate, sulfate, phosphonate, and phosphate groups. 

Other zwitterionics such as betalnes are also useful in the 
present invention. Exaiq)les of betalnes useful herein include the 
high alkyl oetaines, such as coco dimethyl carboxymethyl betaine, 
lauryl dimethyl carboxymethyl betaine, lauryl dimethyl alpha- 

35 carboxyethyl betaine, cetyl dimethyl carboxymethyl betaine, lauryl 
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hydroxypropyl> carbaxymetKyl betafne» oTeyt <ftmfttl|yl gamna- 
carboxypropyl betaine, and lauryl bis-C2-hydroxypropyl)aTpha- 
carboxyethyl betaine. The salfobetaines may be represented by 

5 coco dimethyl sulfopropyl betaine, stearyl dimethyl sulf ©propyl 
betaine, lauryl dimethyl sulfoethyl betaine, Tauryl bis-(Z-hy- 
droj^yethyl) sulfopropyl betaine and the like; amidobetaines and 
amidosulfobetaines, wherein the RCONH(CH2)3 radical Is attached to 
the nitrogen atom of the betaine are also useful In this 

10 invention. 

Examples of amphoteric surfactants wbtch can be used in the 
compositions of the present invention are those which are broadly 
described as derivatives of aliphatic secondary and tertiary 
amines in which the aliphatic radical can be straight or branched 

1$ chain and wherein one of the aliphatic substituents contains from 
about 8 to about 18 carbon atoms and one contains an uiionic water 
solubilizing group, e.g., carbO)Qr, sulfonate, sulfate* phosphate, 
or phosphonate. Examples of compounds falling within this defini- 
tion are sodium 3-dodecyl-aminoprop1onate, sodium 3-dodecy1amino- 

20 propane sulfonate, fi-alkyl taurines such as the one prepared by 
reacting dodecylamine with sodium isethionate according to the 
teaching of U.S. Patent 2,658,072, N-higher alKyl aspartic acids 
such as those produced according to the teaching of U.S. Patent 
2,438,091, and the products sold under the trade name "Nlranol" 

25 and described in U.S. Patent 2,528,378. 

Ruorosurfactant 
The compositions of the present invention can contain, 
fluorosurfactant. Suitable fluorosurfactant can be cationic» 
anionic, amphoteric, zwitterionic* nonionic or a mixture thereof. 

30 Fluorosurfactants include perfluorinsted compounds such as 

those represented by the formula 

CF3'CCF2)x-(CH2)y-Z 
where Z is a water solubilizing group of either organic or in- 
organic character ,^ x is an integer which is generally from 2 to 

35 17, particularly from 7 to 11, and y is an integer from 0 to 4, 



wo 93/23446 



PCr/US93/04429 



and said conpounds nay be cationic, anionic, amphoteric or zwit- 
terlonic, depending upon the nature of the grouping or groupings 
encompassed by Z. The Z groups may be or nay comprise sulfate, 
sulfonate, carboxylate, amine salt, quaternary amnonium, phos- 
5 phate, phosphonate, and combinations thereof. The perfluorlnated 
compounds are known In the art. These compounds are described In 
U.S. Patent 4,176,176, Cella et al.. Issued November 27, 1979; 
U.S. Patent 3,993,745, Cella et al., Issued November 23, 1976, and 
U.S. Patent 3,993,744, Cella et al., Issued November 23, 1976, 

-10 each being Incorporated herein by reference. 

Cationic fluorosurfactants Include fluorlnated alkyl 
quaternary ammonium salts having a variety of anionic counter 
Ions, Inclixling Iodide, chloride, nethosulfate, phosphate, and 
nitrate salts, preferably an Iodide; and those fluorosurfactants 

IS conforming to the formula RfCHjCHjSCH,CHjN+(CH,)3[CH,$0J- wherein 
Rf F(CFjCFj),-,, such as Zonyl FSC* supplied by OuPont. Preferred 
fluorlnated alKy1 quaternary ammonium iodides are supplied under 
the tradename Fluorad FC-13S* supplied by 3N. 

Anionic fluorosurfactants Include mono-, and 

20 bis-perfluoroalkyl phosphates, such as Zonyl FSP* supplied by 
DuPont and conforming to the general formulae 
(RfCH^CH,0)P(0)(ONHJj(RfCHjCHjO),P(0)(ONH^) wherein 
Rf=F(CFjCFj)j-,; mono- and bis-fluoroalkyl phosphates, having a 
variety of cationic counterlons such as ammonium, sodium, potas- 

25 slum, triethanol amine and diethanol amine salts, preferably ammo- 
nium salts, conq»lexed with non-fluorinated quats, preferably 
aliphatic quaternary methosul fates, such as Zonyl FSJ* supplied by 
DuPont; perfluoroalKyl sulfonic- acid having a variety of cationic 
counterlons such as ammonium, sodium, potassium, triethanol amine 

30 and diethanol amine salts, preferably ammonium salts, such as Zonyl 
TBS® supplied by DuPont and conforming to the formula RfCHjCH^SOjX 
wherein Rf=F(CFjCFj),-g and X=H and NH^; telomer phosphates, 
having a variety of cationic counterlons such as anmonium, sodium, 
potassium, triethanol amine and diethanol amine salts, preferably 

35 diethanol amine salts, such as Zonyl RP® supplied by OuPont; amine 
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perfTuoroalKyl suTfonates, such as FTuarad Fe-99» supplied by 3H; 
ammonium perfluoroalf^l suTfonates^ such as Fluorad FC-93*, 
Fluorad FC-120» and L-I2402*, supplied by 3M; potassium 
perfluoroalKyl sulfonates, such as fluorad FC-95* and Fluorad 
5 FC-98«^ supplied by 3M; potassium fluorinated a1kyl carboxylates, 
such as Fluorad Fe-129* supplied by 3H; amnonium perf luoroal kyl 
carbo}(ylates, such as Fluorad FC-I43* supplTed by 3H; and those 
fluorosurfactants conforming to the general formula 
RfCHjCH^SCHjCHjCOjLi wherein Rf-FtCF^CF^),.,. such as Zonyl FSA® 

10 supplied by DuPoht. 

Amphoteric fluorosurfactants include fluorinated al^yl 
amphoterics such a$ Fluorad FC-lOO* supplied by 3H. 

ZMftferionic fluorosurfactants preferred for use in the 
present compositions are those fluorosurfactants conforming to the 

15 formula RfCH2CH(OCCX:Hj}CH£K^(CHa}«GH2C6i wherein Rf^CCFjCF,},-^ 
such as Zoiyrl FSK* supplied by OuPont. 

Fluorosurfactants can be used alone or in combination in the 
hair spray compositions of the present invention. 

Fluorosurfactants, when used, will typically be present at 

20 from about 0.01% to about 2%, preferably from about O.OIX to about 
1.5%, by weight of the composition. 

The above-mentioned surfactants can be used alone or in 
combination in the composittons hereof. 

The cosmetic compositions herein can contain a variety of 

25 . other optional components suitable for rendering such conyositions 
more cosmetically or aesthetically acceptable or to provide them 
with additional usage benefits. Such conventional optional 
ingredients are well-known to those skilled in the art, e.g., 
pearlescent aids, such as ethylene glycol distearate; preserva- 

30 tives, such as benzyl alcohol, methyl paraben, propyl paraben and 
imidazolidinyl urea; thickeners and viscosity modifiers, such as a 
diethanoT amide of a long chain fatty acid (e.g., PEG 3 lauric 
diethanol amide), cocomonoethanol amide, dimethicone copolyoTs, 
guar gum, methyl cellulose, starches and starch derivatives; fatty 

35 . alcohols, such as cetearyl alcohol; sodium chloride; sodium 
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sulfate; polyvinyl alcohol; ethyl alcohol; pH adjusting agents, 
such as citric acid» sodium citrate, succinic acid, phosphoric 
acid, sodium hydroxide, sodium carbonate; salts, in general, such 
as potassium acetate and sodium chloride; coloring agents, such as 
5 any of the FD&C or DiC dyes; hair oxidizing (bleaching) agents, 
such as hydrogen peroxide, perborate and persulfate salts; hair 
reducing agents, such as the thioglycolates; perfumes; sequester- 
ing agents, such as disodium ethyl enedi amine tetra- acetate; and 
polymer plasticizing agents, such as glycerin, disobutyl adipate, 
10 butyl stearate, and propylene glycol. Such optional Ingredients 
generally are used individually at levels of from about O.OIX to 
about 10.0%, preferably from about 0.05X to about 5.0X, of the 
composition. 

The pH of the present compositions generally will be between 
15 about 3 and about 9, preferably between about 4 and about 8. 

As with all compositions, the present Invention should not 
contain components which unduly Interfere with the performance of 
the compositions. 

The cosmetic compositions of the present invention can be 
20 made using conventional formulation and mixing techniques. 
Methods of making various types of cosmetic compositions are 
described more speciflca^lly in the following examples. 

Hrthod 9f Usg 

The cosmetic compositions of the present Invention are used 
25 In conventional ways to provide the 
cond1t1on1ng/styl1ng/ho1d/adhesfve/f11m-form1ng or other benefits 
of the present Invention. Such method of use depends upon the 
type of composition employed but generally Involves application of 
an effective amount of the product to the hair or skin, which may 
30 then be rinsed from the hair or skin (as in the case of shampoos 
and some conditioning products) or allowed to remain on the hair 
(as in the case of spray, mousse, gel, skin lotion, film-forming 
skin lotion with medicament, and tonic products). By "effective 
amount" is meant an amount sufficient to provide the film- forming 
35 benefits desired. Preferably, hair rinse, mousse, and ge1 
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products aire applietf to net or damp fiafr prior to. dryfng and 
styitng of the hair. After such coniposttions are applied to the 
hair, the hair Is dried and styled In the usual ways of the user., 
Hair sprays are typically applied to dry hair after it has already 

5 been dried and styled. Cosmetics and skin lotions are applied to 
face, skin, or eye area In the conventional manners of usage for 
those types of products. 

In another aspect hereof, adhesive agents containing 
polysiToxane-grafted polymers, such as those described in U.S. 

10 Patent 4,693,935, Mazurek, issued September 15, 1987 and U.S. 
Patent 4,728,571, Clemens et a1., issued March 1, 1988, can be 
used In adhesive proucts such as adhesive tapes and backing sheets 
for adhesive materials. Thus, the adhesive agents hereof also can 
Include non-pressure sensitive as well as pressure sensitive 

15 film-forming polymers.- 

The following ecperimentsls and examples further Illustrate 
preferred embodiments within the scope of the present Invention. 
The exanvles are given solely for the purposes of niustration and 
are not to be construed as limitations of the present invention as 

20 many variations of the invention are possible without departing 
from Its spirit and scope. 

Expgftfgntjll A 

A 60%/20VZ0X t-butyl acryl ate/acrylic acid/polydimethyl- 
siloxane-contalning (PDHS) vinyl monomer (10,000 MW) is made by 

25 free radical polymerization in an acetone reaction medium, as 
described above for Polymer I. The percentages represent the 
weight percent of the total monomer added to the reaction. 

The reaction product is precipitated out of the acetone by 
water addition and dried. Hi»ane extraction of the reaction 

30 product, is then performed by adding an excess of hexane to the 
reaction product and heating to reflux, about 70*e. The Tg of the 
non-silicone portion of the adhesive agent polymer is about 63*0. 
The mixture is held at this temperature with stirring for about 30 
minutes and cooled to room temperature. The hexane is removed by 

35 vacuimi suction. Two more hexane extraction cycles are conducted 
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In the same Manner as above. After the third cycle, residual 
hexane remaining with the product Is removed by distillation and 
vacuum drying. 

Experinient^l p 

5 An 80V20% t-butyl acrylate PDMS (10,000 MW) polymer is made 

according to the same procedures as for Polymer I, above, except 
that the monomers that are polymerized are 80%, by weight, t-butyl 
acrylate and 20%, by weight, of the PDMS-contalnIng vinyl monomer. 
The reaction medium is ethyl acetate. 

10 The reaction product is precipitated out of the reaction 

solvent by water addition and dried. The polymer is next ground 
to a fine powder tn preparation for supercritical fluid extraction 
with carbon dioxide. The extraction Is carried out at a 
temperature of about 40'C and a pressure of about 600 atmospheres. 

15 The extraction vessel Is continuously purged under pressure with 
supercritical carbon dioxide over a period of about 1 hour. 

Low molecular weight polysiloxane-containlng monomer and 
polymer about 1 hour is solubilized by the supercritical carbon 
dioxide and transported away from the remaining polymer via a 

20 transfer Tine, which 1s maintained at identical temperature and 
pressure as the extraction vessel. The extracted materials are 
collected in an extraction vessel. Following extraction, the 
system is depressurized and dry, extracted polymer is recovered 
from the extraction vessel. 

25 EXAMPLES I-III 

The following are hair spray compositions representative of 
the present Invention. 

CfiOBQQSIli Example * fWeloht %\ 

-J_ JJ_ in 

30 Polys iloxane-Graf ted Polymer (Exp. A) 4.5 4.5 4.5 
Ethanol 79.0 79.0 86.4 

Diisobutyl adipate 0.7 
Potassium Hydroxide Solution (45% cone) 1.0 1.0 1.0 
Perfume 0.2 0.2 0.2 

FC-120 Fluorosurfactant (3N Co) (25% active) -- -- 0.14 
Water q.s. to 100% 

35 This product is prepared by dissolving the silicone polymer 

to the ethanol and mixing for several hours until all the polymer 
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is dissolved. PTasticizer is then added^ if applicable. 
Potassium hydroxide is then added. Hater or water/surfactant, as 
applicable, is added. Fragrance is added last. All ingredients 
are added under mixing conditions. The product can be packaged in- 
5 conventional nonaerosol pump spray containers and coapressed air 
pinq> spray aerosol, containers. 

EXAMPLE IV ~ 

The following is a hair grooming tonic composition repre- 



sentative of the present invention. 

.10 Comoonent Weight % 

PolysiToxane-Grafted Polymer (Exp. A) 0.70 

Perfume 0.10 

Ethanol q.s. 



The composition is made by mixing the above components 
IS together in a conventional manner. 

EXAMPLE V 

The following is a shampoo composition representative of the 



present invention. 

Cwqp^nt Height, % 

20 Ammonium laureth sulfate 7.00 

Cocamido propyl betaine 6.00 

Polysiloxane-Grafted Polymer (Exp. A> 2.00 

Ethanol 10.00 

PEG 150 distearate 2.00 

25 NaOH 0.15 

eiydant* 0.38 

Perfume 1.00 

DR0 HjO - q.s. 



^ preservative commercially available from Glyco, Inc. 
30 The shampoo is prepared by combining the ammonium laureth 

sulfate (normally supplied as a 28% solution in water) and 
Silicone Copolymer and heating to 70*C for about 1/2 hour with 
mixing. The remaining ingredients are . added and mixed for an 
additional 1/2 hour. The batch is then cooled to ambient 

35 
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temperature. Composition pH Is adjusted to 6.& by the addition of 
citric acid or sodium hydroxide, if necessary. 

The following is a cold-wave hair pern composition repre- 
5 sentative of the present invention. 

Component Weight % 

ThioglycoUc acid 5.00 
Monoethanol amine 6.00 
PoTysiloxane-Grafted Polymer {Exp. A) 1.50 
10 PEG 10 monostearate 0.50 
ORO H,0 q.s. 

The composition Is prepared by blending all the Ingredients 
with agitation for about 1/2 hour at 60*C and then cooling to 
ambient temperature. 
15 SMmJll 

The following Is a styling gel composition representative of 
the present invention. 

Component Weight % 

PolysHoxane -Grafted Polymer (Exp. A) 2.00 

20 Carbopol 940^ 0.75 

TriethanoT amine 1.00 
Dye solution 0.05 
Perfume 0.10 
Laureth-23 0.10 

25 DRO HtO q.s. 

1 cross-linked polyacryllc acid, commercially available from 
B. F. Goodrich 

This batch is made by mixing the listed components together 
in a conventional manner. 
30 EXAMPLE VIII 

The following is a hair mousse composition representative of 
the present invention. 

Component Weight % 

Polysiloxane-Grafted Polymer (Exp. A} 3.00 
35 Ethanol 15.00 
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Cocamine oxide 
D.C, 1901 
Cocamide DEA 
Perfume 
Isobutane 
DRO HjQ 



0.60 
O.20 
0.30 
0.10 
7.00 
q.s. 



^ diraethicone copolyol, comnerciany available from Dow Corning 

The composition is made by blending all of the ingredients 
except isobutane tt ambient temperature until well mixed. Alumi- 
num aerosol cans are. then filled with 95 parts of this batch, 
affixed with a valve which is crimped into position, and lastly 
pressure filled wttti 5 parts Isobutane. 



The following are hatr stylfng/conditlonlng 
compositions representative of the present invention. 



35 



Composition 
Citric Acid 
Sodium Citrate 
Cetyl Alcohol 
Stearyl Alochol 
Natrosol Plus CS firade 0-67* 
Xaiithan eua^ 
Styling Polymer Prenix 

Polysiloxane-firafted Polymer (Exp. 

Octanethyl c;yclotetras11bxane 

Decamethyl eyclopentasiloxane 

Butyl Stearate 
Kathon CG 
Perfume 

Conditioner Proaix 

DRO Kater 

Adogen 442-IOOP* 

Adogen 471' 
Stearyl Trimethyl 
Ammonium Chloride 



-I2L JL 

0.02 0.02 

0.09 0.09 

0.12 0.12 

0.08 0.08 

1.05 1.10 

0.25 0.25 

1.75 1.75 

5.98 5.98 

2.56 2.56 

0.15 0.15 

0.03 0.03 

0.33 0.33 

12.18 11.88 

0.75 0.75 
0.60 
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Silicone Gum Prenlx 
Oecamethyl cyclopentaslloxane 
Polydlmethyl Slloxane fium' 

Amodlmethlcone (Dow Coming q2'8220) 

DRO Water 



1.42 
0.25 



q.s. 



1.42 
0.25 
0,10 



q.s. 



10 



15 



20 



25 



30 



^Hydrophoblcally modified hydroxyethyl cellulose from Aqualon 
Corp. 

'Readily dispersible xantham gum 

'SE-76 gum available From General Electric 

*Dital1ow dimethyl ammonium chloride, Sherex Chemical Co., Dublin, 
Ohio, USA. 

'Tallow trimethyl ammonium chloride, Sherex Chemical Co. 

The styling polymer premix is prepared by combining the 
polymer, the octamethyl tetraslloxane and decamethyl 
pentasiloxane, and butyl stearate. 

The silicone gum premix Is prepared by combining and mixing 
(In a separate vessel) the silicone gum and decamethyl cyclopenta- 
slloxane until homogeneous. 

The conditioner premix is prepared by combining and mixing 
(in a separate vessel) DRO water, any primary and secondary 
thickeners (premelted if necessary to ensure homogenity) at 82* 
the silicone gum premix, and amodiomethlcone at 7rc, until 
homogeneous. 

In another vessel, the DRO water is heated to JVC. Citric 
acid, sodium citrate, cetyl alcohol, stearyl alcohol and Natrosol 
Plus CS grade D-67 are added and mixed until homogeneous. The 
xanthan gum is added and mixed until homogeneous. The styling 
polymer premix, Kathon CG and perfume are added and mixed until 
homogeneous. The composition Is further dispersed with an In-line 
homogenizer (such as Tekmar homogenizer) and then cooled to 38*C. 

The conditioner premix is also further dispersed with an 
in-line homogenizer and cooled to 38*C and added to the final 
vessel, mixing until homogeneous to form the styling rinse 
cnnpositlon. 
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When ttie compos-ftions defined tn Examples I-X are applied to 
hair in the ccinventfonftl inanner, they provide effective hair 
conditioning and styling/hold benefits Mlthout leaving the hair 
with a sticKy/sttff feel. 

S EXAMPLE XI 

An aerosol hatr spran co^ositlon of the present invention Is 
prepared as follows: 

Component Weight % 

Polysiloxane-Grafted 4.00 
10 Polyneir (Exp. A) 

Water llvOp 

Ethanol 63.50 

KOH (459t solution) 0.90 

Isobutane 15.00 

IS Oifluoroetbane 6.00 

ATI of the ingredients except for the propel! ants are mixed 
together at ambient temperature until the polymer is dissolved. 
The mixture is placed in an aerosol can which is then equipped 
20 with a conventional aerosol spray can valve^ which is vaccuum 
crimped in place. The propellants are then filled through the 
valve and the can is equipped with a conventional aerosol spray 
can activator. 



30 
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WHAT IS CLAIMED IS: 

■J 

1. A polymeric adhesive agent comprising a polysiloxane- 
« -grafted polymer, made by the polymerization of polysiloxane- 

containing monomers with non-polysiloxane-containing monomers, 
wherein said adhesive agent has a weight average molecular 
weight of at least 20,000 and contains from 1% to 50%, by 
weight, of polysiloxane-containing monomers, characterized in 
that said adhesive agent: has a weight percentage of silicon 
present as unreacted polysiloxane-containing monomer and and 
polysiloxane grafted polymer having a viscosity at 25*C of 
below 10,000,000 centlstoJces based on the total silicon 
present as unreacted polysiloxane-containing monomer and 
polysiloxane-grafted polymer of 15% or less; and contains no 
more than 4%, hy weight, of unreacted polysiloxane-containing 
monomer and polysiloxane-grafted polymer having a viscosity at 
Z5*C of below 10,000,000 centlstokes. 

2. An adhesive agent as in Claim 1, wherein the weight 
percentage of unreacted polysiloxane-containing monomer and 
polysiloxane-grafted polymers having a viscosity at 25*C of 
below 10,000,000 centlstokes based on the total silicon 
present as unreacted polysiloxane-containing monomer and 
polysiloxane-grafted polymer is 10% or less, preferably 5% or 
less, and said adhesive agent contains no more than 3%, 
preferably no more than 1%, by weight, of unreacted 
polysiloxane-containing monomer and polysiloxane-grafted 
polymer having a viscosity at 2S'C of below 10,000,000 
centlstokes. 

3. An adhesive agent as in Claim 1 or 2, wherein said 
weight average molecular weight of said adhesive agent is at 
least 75,000, preferably at least 100,000, more preferably 
from 100,000 to 750,000. 
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4. An adhesive agent as in Claim 1» 2, or 3, wherein 

said polymer comprises from 50% ta 99K, by weight of the t 
adhesive agent* of poTymerizablei ethylenlcally unsaturated 
polymerizable monomers, and from IX to S0% preferably from 2% # 
to 25% of polysiloxane-cpntaining monomers having a molecular 
weight of at least 1,000 and the general fomiTa: 
X(Y)nSi{Rh.m(Z:)m wherein 

X is a vinyT group copolymerizable with the A and B 
monomers 

V is a divalent linking group 

R Is a hydrogen, hydroxy!, lower allyfl, aryl, alkaryl, 
al Kyi amino, or ilkay^ 

I is a monovalent slloxane polymeric moiety having a 

number average moTecuTar weight of at least 500, is 

essentially unreactive under copolymerization conditions, 

and is pendant from said vinyl polymeric backbone after 

polymerization 

n is 0 or 1, and ' 

m is an Integer from 1 to 3. 

5. An adhesive agent as in Claim 4, wherein said non- 
polysiloxane-containlng monomer is a free radically 
polymerizable vinyl . 

6. An adhesive agent as in Claim. 4 or 5, wherein said 
non-polysiloxane-containing monomers are selected from the 
group consisting of hydrophobic monomers selected from the 

group consisting of acrylic acid esters of Ci-Cis alcohols, ? 

methacrylic acid esters of Ci-Cig alcohols, styrene, 

polystyrene macromer, vinyl acetate, vinyl chloride, vinyl ' 

propionate, vinyTidene chloride, alpha-methylstyrene, 

t-butyl styrene, butadiene, cyclohexadiene, ethylene propylene, 

vinyl toluene, acrylic acid, methacrylic acid, N,N- 

diraethylacryl amide, dimethyl arainoethyl methacryl ate, quater- 

nized dimethyl aminoethyl methacryl ate, methacryl amide. 
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N-t-butyl acrylaniide, maleic acid, maleic anhydride, half 
f esters of nalelc anhydride, crotonic acid, itaconic acid 

acryl amide, acrylate alcohols, hydroxyethyl nethacryUte, 
« diallyldlBiethyl amnonlun chloride, vinyl pyrrol Idone, vinyl 

ethers, naleinides, viriyl pyridine, vinyl Imidazole, styrene 
sulfonate, allyl alcohol, vinyl alcohol, vinyl caprolactam, 
and mixtures thereof, and hydrophilic monomers selected from 
the group consisting of acrylic acid, raethacryllc acid, 
N,N-dimethylacrylamide, dimethyl ami noethyl methacrylate, 
quaternized dimethyl ami noethyl methacrylate, methacryl amide, 
N-t-butyl acrylamide, maleic acid, maleic anhydride and its 
half esters, crotonic acid, itaconic acid, acrylamide, 
acrylate alcohols, hydroxyethyl methacrylate, diallyldimethyl 
ammonium chloride, vinyl pyrrol idone, vinyl ethers, 
malelnides, vinyl pyridine, vinyl imidazole, other polar vinyl 
heterocyclics, styrene sulfonate, allyl alcohol, vinyl 
alcohol, vinyl caprolactan, salts of the above acids and 
amines, and mixtures thereof. 

7. An adhesive agent as in Claim 6, wherein said hydro- 
phobic monomers are selected from the group consisting of 
t-butyl acrylate, t-butyl methacrylate, and mixtures thereof. 

8. An adhesive agent as in Claim 6 or 7, wherein said 
hydrophilic monomers are selected from the group consisting of 
acrylic acid, N,N-dlBethylacrylamide, dimethyl ami noethyl 
methacrylate, quaternized dimethyl ami noethyl methacrylate, 

M Vinyl pyrrol idone, salts of the above acids and amines, and 

mixtures thereof. 

9. An adhesive agent as in Claim 6, 7, or 8, comprising 
from 0% to 85%, by weight, of said hydrophobic monomers, from 
14% to 95% of said hydrophilic monomers, and from 1% to 40% of 
said polysiloxane-containing monomers, preferably from 5% to 
70% of said hydrophobic monomers, frwn 29% to 80% of said 
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hydrophiTic nononers, and from 2% to 25% of said 
polysiloxane-contalning monoiBers, ■ 

10. An adhesive agent as In CUin 6, 7, or 8, comprising 
from 0% to 70X» by weight, of said hydrophollc nonomers* from 
20% to 80% of said hydrophlbic monomers, and from IX to 40X of 
said polyslloxane-contafnlng monomers, preferably from 5X to 
70% of said hydrophobic monomers, from 20% to 60% of said 
hydrophoTIc monomers, and from 2% to 25% of said 
polyslloxane-contalnlng monomers. 

11. A hair care composition useful for styUng hair, 
comprising the adhesive agent of Claim 1, 2, 3, 4, 5, 6, 7, 8, 
9, or 10 and a carrier suitable for application to the hair. 

12. A hair care composition as In Claim 11, In the form 
of liquid suitable for spr^y application to the hair, wherein 
said carrier comprises miter, C^-Cg monohydric alcohol, or a 
mixture thereof. 
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HAIR COSMETIC COMPOSITIONS 



Technical Field 

The present invention relates to hair cosmetic compositions. . More 
particularly, this invention relates to liquid hair cosmetic compositions 
containing silicone grafted hair styling polymer neutralised with a mixture 
of inorganic and organic neutralising agents and having in4)roved product 
stability and style retention properties. 

Background Of The Invention 

The desire to have the hair retain a particular shape is widely held. A 
common methodology for accomplishing this is applying hair styling, or 
"setting" compositions to the hair, typically to damp or dry hair. These 
compositions provide temporary setting benefits, and should be removable 
by water and/or by shampooing. The materials used in the compositions 
to provide the setting benefits are generally applied in the form of 
mousses, gels, lotions or sprays. 

High levels of style retention, or hold, are typically expected from hair 
styling compositions {^plied as a spray. Style retention is typically 
achieved by die use of resins, such as AMFHOMER, supplied by 
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National Starch, and GANTREZ SP 225, supplied by GAF. As used in 
commercially sold hairspray products, these resins generally have a 
weight average molecular weight of from about 40,000 to about 150,000. 
• When such resins are incorporated into pump and aerosol hairsprays, they 
can provide suitable style retention attributes. However, such resins are 
found to be deficient in the area of hair feel and can give a stiff hair feel. 

Recently, it has been found that certain neutralisable polymers having 
silicone macromer portions can provide good style retention benefits to 
the hair while also providing improved hair feel. In other words, such 
silicone macromer-containing polymers can impart a tactile sense of 
softness and conditioning to the hair relative to conventional, non- 
silicone-containing resins without the tacky hair feel traditionally 
associated with non-silicone hair fixative polymers. Silicone raacromer- 
containing hair styling polymers and formulations containing them are 
disclosed, for example, in EP-A-0,408,311 A2 issued January 11th 1991, 
Hayama, et al., US-A-5,061,481, issued October 29th 1991, Suzuki et 
al., US-A-5,106,609, Bolich et al., issued April 21st 1992, US-A- 
5,100,658, Bolich et al., issued March 31st 1992, US-A-5, 100,657, 
Ansher-Jackson, et al., issued March 31st 1992 and US-A-5, 104,646, 
Bolich et al., issued April 14th 1992. 

It is well known that at least partial neutralisation of the silicone 
macromer containing hair styling polymer is necessary to maximise its 
utility in hair styling compositions. Typically, silicone grafted co- 
polymers neutralised with an morganic neutraliser exhibit good solubility 
in hairspray compositions containing 15% water. However, it has now 
been found that such inorganic neutralised systems are less soluble in 
compositions which contain lower levels of water and lead to hazy, 
colloidal systems. It has also been found that by using selected mixtures 
of morganic and organic neutralisers in liquid hair cosmetic compositions, 
systems of excellent clarity can be achieved. 

Thus a need exists for hair styling compositions which have a clear 
appearance, deliver effective style retention, impart a hdr conditiomng 
effect, have a non-sticky hair feel, are easily brushed out and at the same 
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time have stable product and viscosity characteristics and remain fully 
stable under long term and stressed temperature storage. 

Summarv of the Invention 

According to one aspect of the invention, there is provided a liquid hair 
cosmetic composition comprising:- 

(a) from about 0. 1 % by weight to about 10% by weight (acid basis) of 
a silicone-containing polycarboxylic acid copolymer having a vinyl 
polymeric backbone, and having grafted to the backbone a silicone 
containmg macromer having a weight average molecular weight of 
from about 1 ,000 to about 50,000; 

0>) a mixed neutralising system comprising an organic and an inorganic 
base, wherein the organic base is at a level sufficient to neutralise 
from about 0.01 % to about 15% of the acid groups on the silicone- 
containing copolymer while the morganic base is at a level 
sufficient to neutralise from about 25% to about 80% of the acid 
groups on the silicone-containing c(qK)lymer; 

(c) from 0% to about 10% by weight of water; and 

(d) the balance comprising a carrier suitable for application to hair. 

The preferred neutralising systems for use herein comprise a combination 
of organic and inorganic base. From about 30% to about 95% more 
preferably from about 55% to about 75%, most preferably from about 
60% to about 70% of the acidic groups of the polymer should be 
neutralised with the chosen mixed neutralising system, the level of 
neutralisation being d^rmined in the manner described herein below. 

The essential, as well as the optional, components of the present invention 
are described below. All levels and ratios are on a weight basis unless 
otherwise specified. 
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SiUcpng-Contamme Copolymgr 

The compositions of the present invention contain from about 0. 1 % to 
about 10.0%, preferably from about 0.5% to about 8.0% and especially 
from about 1 % to about 6% of specificaily-defmed silicone-containing 
copolymers. It is these polymers which provide the unique hair 
conditioning and hair setting characteristics of the present invention. The 
polymers preferably have a weight average molecular weight of from 
about 10,000 to ai)out 1,000,000, preferably from about 30,000 to about 
300,000, most preferably from about 90,000 to about 300,000 and; 
preferably, have a Tg of at least about -20*C. As used herein, the 
abbreviation "Tg" refers to the glass transition temperature of the non- 
silicone backbone, and die abbreviation "Tm" refers to the crystalline 
melting point of the non-silicone backbone, if such a transition exists for a 
given polymer. 

The molecular weights and molecular weight distributions of the polymers 
utilised in the compositions according to the present invention are 
determined by Size Exclusion Chromatography (SEC). In practise, 
polymers comprise a distribution of molecular weight species tiiat gives 
rise to their unique properties. Separation of the molecules is 
accomplished by Size Exclusion Chromatography (SEC) using a 
crosslinked polystyrene -divmylbenzene column (MW range = 100 - 10*^) 
with a differential refractive index detector and a differential viscometer. 
A universal calibrationn curve is prepared from monodispersed 
polystyrene standards of known molecular weight (MW) and molecular 
weight distribution (MWD), MW and MWD of the given polymer are 
determined based on concentration and viscosity refuses relative to the 
calibration. 

Preferred polymers comprise a vinyl polymeric backbone, preferably 
having a Tg above about -TO^C and, grafted to the backbone, a silicone 
containing macromer having a weight average molecular weight of from 
about 1,000 to about 50,000, preferably from about 5,000 to about 
40,000, most preferably from about 10,000 to about 20,000. The 
polymer is such that when it is formulated into the fmished hair care 
composition, when dried, the polymer phase separates into a 
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discontinuous phase which includes the silicone containing macromer and 
a continuous phase which includes the backbone. It is believed that this 
phase separation property provides a specific orientation of the polymer 
on hair which results in the desired hair conditioning and setting benefits. 

In its broadest aspect, the copolymers utilized in the present application 
comprise a silicone-containing monomer (hereafter identified as C) 
together with a hydrophilic carboxylate-containing monomer (B) and 
optionally a lipophilic monomer (A). 

Examples of useful copolymers and their preparation are described in 
detail in US-A-4,693,935, Mazurek, issued September ISth 1987, and 
US-A-4,728,571, Clemens et al., issued March 1st 1988. These 
copolymers comprise monomers A,B and C as defined above. In 
preferred embodiments, A comprises at least one free radically 
polymerizable vinyl monomer or monomers and B comprises at least one 
reinforcing monomer copolymerizable with A and selected from the group 
consisting of carboxylate-containing monomers and macromers having a 
Tg or a Tm above about -20"C. B can be up to about 98%, preferably up 
to about 80%, more prefierably up to about 30%, of the total monomers in 
tlie copolymer. Monomer C comprises from about Ow 1 % to about 50.0% 
of the total monomers in the copolymer. 

Representative examples of A (hydrophobic) monomers are the acrylic or 
methacrylic acid esters of Ci-Cig alcohols, such as methanol, ethanol, 
methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-l-propanol, 
1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, 1-methyl-l- 
butanol, 3-methyl-l-butanol, 1-methyl-l-pentanol, 2-methyl- 1-pentanol, 3- 
methyl-l-pentanol, t-butanol (2-methyl-l-propanol), cyclohexanol, 
neodecanol, 2-ethyl-l-butanol, 3-heptanol, benzyl alcohol, 2-octanol, 6- 
methyl-l-heptanol, 2-ethyl-l-hexanol, 3.5-dimethyl-l-hexanol, 3,5,S-tri- 
methyl-l-hexanol, 1-decanol, 1-dodecanol, 1-hexadecanol, 1-octadecanol, 
and the like, the alcohols having firom about 1-18 carbon atoms with the 
average number of carbon atoms being firom about 4-12; styrene; 
polystyrene macromer; vinyl acetate; vinyl chloride; vinylidene chloride; 
vinyl propionate; alpha-methylstyrene; t-butylstyrene; butadiene; 
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cyclohexadiene; ethylene; propylene; vinyl toluene; and mixtures thereof. 
Preferred A monomers include n-butyl methacrylate, isobutyl 
methacrylate, 2-ethylhexyl methacrylate, methyl methacrylate, t- 
butyiacrylate, t-butylmethacrylate, and mixtures thereof. 

Representative examples of B (hydrophilic) neutralisabie monomers 
containing a carboxyl moiety include acrylic acid, methacrylic acid, 
nudeic acid, maleic anhydride, half esters of maleic anhydride, crotonic 
acid, and itaconic acid. Preferred B monomers include acrylic acid and 
methacrylic acid and mixtures thereof. 

The C monomer preferably has the general formula (I): 

X(Y)„Si(R)3^Z„ 

wherein X is a vinyl group copolymerizable with the A and B monomers; 
Y is a divalent linking group; R is hydrogen, C1-C4 alkyl, aryl, alkyl 
amino, tri(Ci-C4 alkyl)siloxy or C1-C4 alkoxy; Z is a monovalent 
siloxane polymeric moiety; n is 0 or 1; and m is an integer from 1 to 3. 
C has a number average molecular weight of, at least SOO,'preferably 
from 1 ,000 to 50,000. Preferably, the C monomer is selected from one 
or more monomers having the general formulae (II to WE): 



X-C-O- (CH2 ) q- (O) p-Si (r4 ) 3^2„ ( n ) 

X-Si(R*)3-mZiD (III) 
X-(Q) - (CH2) q- <0) p-Si (R* ) 3-Ill2m (IV) 
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OH R" • 



X-C-O-CH2-CH-CH2-N- (CH2) q-Si (r4) 3 _^Zj„ (VI) 
O H O R" 



I 



X-C-0- {CH2 ) 2-N-C-N- {CH2 ) q-Si (r4 ) ^_^Zj^ (VII) 

In these structures, m is 1, 2 or 3 (preferably m » 1); p is 0 or 1; R" is 
alkyl or hydrogen; q is an integer from 2 to 6; X is 



r1 is hydrogen or -COOH (preferably is hydrogen); r2 b hydrogen, 
methyl or -CH2COOH (preferably r2 is methyl); Z is 



r4 is alkyl; alkoxy, alkylamino, aryl, or hydroxyl (preferably R^ is 
alkyl); and r is an integer from 5 to 700, preferably from 50 to 5(X), more 
preferably from 150 to 30O. Of the above, formula II is preferred, 
particularly when p » 0 and q » 3. 

The polymers utilized herem generally conq>rise from 0% to about 98% 
(preferably from about 5% to about 92%, more preferably from about 



CH= C 



(VIII) 
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50% to about 90%) of monomer A, from about 1 % to about 98% 
(preferably from about 7,5% to about 80%) of monomer B, and from 
about 0.1% to about 50% (preferably from about 0.5% to about 40%, 
most preferably from about 2% to about 25%) of monomer C. The 
combination of the A and B monomers preferably comprises from about 
50.0% to about 99.9% (more preferably about 60% to about 99.5%, most 
preferably from about 75% to about 98%) of the polymer. 

Preferred silicone-containing copolymers for use herein are selected from: 

acrylic acid/n-butylmethacrylate/polydimethylsiloxane (PDMS) 
macromer-20,000 molecular weight (mw) (10/70/20 w/w/w) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
aO/60/20 w/w/w) 

aciylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 

t-butylacrylate(tBA)/acrylic acid(AA)/PDMS macromer - 10,000 mw 
(60/20/20) 

acrylic acid/isobuiyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,(X)0 mw 
(25/65/15); 

acrylic acid/metfaoxyethyl methacrylate/PDMS macromer 20,000 mw 
(60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 
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The silicone-containing copolymers described above can be synthesized 
by free radical polymerization of silicone- or polysiloxane-containing 
monomers with non-silicone- or non-polysiloxane-containing monomers. 
The general principles of free radical polymerization methods are well 
understood. See, for example, Odian, "Principles of Polymerization", 2nd 
edition, John Wiley & Sons, 1981, pp. 179 - 318. 

In compositions according to the invention it can be desirable to purify the 
silicone containmg copolymer by removing unreacted silicone-containing 
monomer and silicone macromer-grafked polymer with viscosities at 2S*'C 
of about 10,000,000 centistokes and less. This can be done, for example, 
by hexane extraction. After drying the resin from its reaction solvent, 
hexane extraction of the reaction product can be performed by adding an 
excess of hexane to the reaction product and heating to near the Tg of the 
non-silicone portion of the polymer. The mixture is held at this 
temperature with stirring for about 30 minutes and cooled to room 
temperature. The hexane is removed by vacuum suction. Two more 
hexane extraction cycles are preferably conducted in the same manner as 
above. After the third cycle, residual hexane remaining with the product 
is removed by distillation and vacuum drying. 

Low molecular weight polysiloxane-containing monomer and polymer is 
solubilized by supercritical carbon dioxide and transported away from the 
remaining polymer via a transfer line, which is maintained at identical 
temperature and pressure as the extraction vessel. The extracted 
materials are collected in an extraction vessel. Following extraction, the 
system is depressurised and dry, extracted polymer is recovered from the 
extraction vessel. 

Neutralising Svstem 

The hair styling polymers, herein are preferably utilised in at least 
partially neutralised form in order to aid shampoo removability of tiie 
liquid hair cosmetic compositions. The present development relates to the 
neutralisation of a hair fixative polymer (eg silicone grafted tBA/AA 
copolymer) witii a combination of neutraliser systems, specifically an 
inorganic base, preferably KOH, and an organic base, preferably AMP 
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(amino methyl propanol) in hairspray and other hair cosmetic products. In 
particular the present development relates to improving the clarity of 
hairspray and other hair cosmetic products containing low levels of water, 
approximately 0 - 10%, preferably 0-7% water. It has been discovered 
that addition of a very small % of organic base dramatically improves the 
solubility and clarity of low water containing hairspray products 
containing silicone-grafted copolymer. In addition use of organic base in 
these levels does not increase the sticky hair feel. This is surprising as 
neutralisation with AMP traditionally leads to sticky hair feel negatives. 
Additional benefits include improved hold via increased polymer bond 
flexibility whilst maintaining ease of wash-out and reduced negatives such 
as rough hair feel associated with inorganic (non-plasticisiog) neutralisers 
eg. KOH. Futhermore compositions according to the invention provide 
excellent hair conditioning benefits. In total from about 30% to about 
95% , preferably from about 55% to about 75%, most preferably from 
about 60% to about 70% of the acidic monomers of the polymer should 
be neutralised. 

Optimum neutralising systems for compositions according to the invention 
contain a mixture of inorganic and organic bases at a level sufficient to 
provide from about 25% to about 80%, preferably about 40% to about 
70% , more preferably about 55% to about 65% neutralisation of the acid 
groups on the silicone containing cc^lymer with inorganic neutraliser 
and from about 0.01% to about 15%, preferably about 0.5% to about 8%, 
more preferably about 1% to about 6% neutralisation of the acid groups 
on the silicone containing copolymer with organic neutraliser. In 
prefered embodiments the weight ratio of inorganic base to organic base 
is in the range of from 1000 : 1 to 4 : 1, preferably from 100 : 1 to 5 : 1, 
more prefiBrably from 50 : 1 to 6 : 1. 

The particular effects of such systems are improved product clarity; 
improved solubility in ethanol; improved long term stability of the product 
and iii]|>roved style retention via increased polymer bond flexibility. 

Any conventionally used base, organic or inorganic, may be used for 
neutralisation of acidic polymers providing they are utilised in mixmres as 
specified herein. Hydroxides of alkali, alkaline earth and amino alcohols 
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are suitable neutralisers for use in the present liquid hair cosmetic 
compositions. 

Examples of suitable organic neutralising agents which may be included 
in the hair cosmetic compositions of the present invention include amines, 
especially amino alcohols such as 2-aniino-2-methyl-l,3-propanediol 
(AMPD), 2-amine-2-ethyl-l,3-propanediol (AEPD), 2-amino-2-methyl-l- 
propanol (AMP), 2-amino-l-butanol (AB), monetlianolamine (MEA), 
diethanolamine (DBA), triethanolamine (TEA), monoisopropanolamine 
(MIPA), diisopropanolamine (DIPA), triisopropanolamine (TIPA), 
dimethyl steramine (DM S) and amino methyl propanol (AMP) and 
mixtures thereof. 

Preferred neutralising agents for use in hairspray compositions of the 
present invention are potassium and sodium hydroxides and aminomethyl 
propanol (AMP). 

The amount in grams of inorganic and organic base (Z) required to 
neutralise a polymer can be deduced from calculations which take into 
account the acid value of the polymer (A); amount of polymer (W); mol 
wt of the base (B); mol wt of die acidic moiety (M) and the degree of 
neutralisation required (N). 

Z (g) = W X A/100 X 1/M X B X N% 

In the following example the amount of KOH required to neutralise 2.6g 
of acrylic acid co-polymer (with acid value of 20) to a level of 60% 
neutralisation is calculated. 



Z(g) = 2.6 x 20/100 X 1/72 x 56 X 0.60 
Z = 0.242 g 

Note the acid value can be experimentally determined by titrating a 
specific amount of the polymer with base or theoretically by considering 
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the original acidic content of the co-poiymer i.e. a polymer with 20% of 
acid monomer has an acid value of 20. 

As described earlier herein, use of the herein defined mixed 
inorganic/organic neutralising system for at least partial neutralisation of 
the silicone grafted copolymer leads to liquid hair cosmetic compositions 
of dramatically improved clarity. Product clarity is measured using a 
Digital Direct Reading Turbidimeter. Using this equipment the turbidity 
of test samples is measured by calibration against two known references 
(Orbeco-Hellige Transfer Turbidity Standards) which give turbidi^ 
readings of 0 and 999 respectively. Typical turbidity measurement for 
opaque systems neutralised with inorpnic neutraliser can be as high as 
700. 

In contrast the clarity of the mixed organic/inorganic neutralised systems 
according to the invention registers a turbidity measurement in the range 
from 0 to 50, preferable 0 to 40, more preferably 0 to 30. 

The liquid hair cosmetic compositions of the present invention also 
include a carrier. This can comprise any of those conventionally used in 
resin hairspny formulations inclusive of solvents, propellants and other 
optional ingredients of liquid hair cosmetics. The carrier is generally 
present in the liquid hair cosmetic compositions at from about 70% to 
about 99.8%, preferably from about 78% to about 99% by weight. More 
preferably, the carrier is present at from about 80% to about 98% by 
weight of the total composition. 

Organic solvents suitable for use in the carrier of the present 
compositions include Ci-Cg alkanols, carbitol, acetone and mixtures 
thereof. Ci-Cg alkanols preferred for use in the present compositions are 
C2-C4 monohydric alcohols such as ethanol, isopropanol and mixtures 
thereof. 

Liquid hair cosmetic compositions according to the present invention 
contain from 0% to about 10% by weight of water, preferably from 0% to 
about 7% by weight of water. It is a feature of the invention that utilising 
mixed neutraliser systems as defined herein, liquid hair cosmetic 



wo 95/00106 



PCT/US94/0S245 



13 

compositions having excellent clarity are achieved at zero or low levels of 
water content. 

Plasticizer 

The performance of the liquid hair cosmetic compositions according to 
the invention can be improved through the optional incorporation of a 
nonvolatile plasticizer into the composition. The plasticizer will generally 
be present in the compositions at up to a level of 25%, preferable from 
1% to 20%, more preferably from 1% to 1S%. As used herein, 
"nonvolatile" in regard to plasticizers means that the plasticizer exhibits 
essentially no vapour pressure at atmospheric pressure and 25''C. The 
polymer-liquid vehicle solution should not suffer from substantial 
plasticizer weight loss while the hair cosmetic carrier is evaporating, 
since this may excessively reduce plasticization of the polymer during 
use. The plasticizers for use herein should generally have boiling points 
of about 250'*C or higher. 

Plasticizers are well known in the art and are generally described in Kirk- 
Otfamer Encvclonedia of Chemical Technology . second edition. Volume 
IS, pp. 720-789 (John Wiiey & Sons, Inc. New York, 1968) under the 
topic heading "Plasticizers", and by J. Kern Sears and J. R. Darby in the 
text The Technology of Plasticizers TJohn Wiley & Sons, Inc., New 
York, 1982). See especially in the Appendix of Sears/Darby Table A.9 at 
pages 983-1063 where a wide variety of plasticizers are disclosed. 

Plasticizers suitable for use in compositions of the present invention 
include both cyclic and acyclic nonvolatile materials. Suitable categories 
of nonvolatile plasticizers include adipates, phthalates, isophthalates, 
azelates, stearates, citrates, trimellitates, silicone copolyols, iso C14 - 
C22 alcohols, methyl alkyl silicones, carbonates, sebacates, isobutyrates; 
oleates, phosphates, myristates, ricinoleates, pelargonates, valerates, 
camphor, glycols, amine derivatives, selected short chain alcohols and 
castor oil. 

Psuticularily preferred plasticizers for use herein include glycol and 
citrate based plasticizers such as propylene glycol, dipropylene glycol , 
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acetyl tri-n-butyl citrate, tri-n-butyl and acetyl tri-2-ethoxyhexyl citrate (as 
supplied by Pfizer under the trade name Citroflex RTM) and also 
glycerin, amino methyl propanol (AMP), diisobutyladipate (DEBA) and 
isopropanol. 

Propellant 

The present compositions can be formulated as hairsprays in aerosol or 
non-aerosol forms. If an aerosol hairspray is desired, a propellant must 
be included in the composition. This agent is responsible for expelling 
the other materials from the container and forming the hairspray 
character. 

The propellant gas can be any liquefiable gas conventionally used for 
aerosol containers. Preferably the density of the propellant or mixture 
thereof is less than 1 so that pure propellant is not emitted from the 
container. Examples of materials that are suitable for use as propellants 
are trichlorofluoromethane, dichlorodifluoromethane, 
dichlorotetrafluoroelhane, monochlorodifluoromethane, 
trichlorotrifluorethane, dimethylether e.g Dimel 1S2A (RTM) supplied by 
Du Pont, propane, n-butane, isobutane, used singly or admixed and 
propane butane e.g CAP 80 (RTM). Dimel 1S2A (RTM) and propane 
butane are preferred. 

The amount of the propellant gas is governed by normal factors well 
known in the aerosol art. For hairsprays the level of propellant is 
generally from about 10% to about 40%, preferably from about 20% to 
about 30%, of the total composition. If a propellant such as 
dimethylether utilizes vapor pressure suppressant (e.g., trichloroethane or 
dichlorome»thane) the amount of suppressant is included as part of the 
propellant. 

The hair spray compositions of the present invention can be made using 
conventional formulation and mixing techniques. Compositions of the 
present invention can be made by adding the polymer to ethanol and 
mixing for several hours until dissolved. Plasticizer and neutralising 
ingredients are then added and the resulting solution is stirred. Any 
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remaining ingredients such as water, ethanol and perfume can tiien be 
added. 

Methods of making the hair cosmetic compositions of the present 
invention are described more specifically in the examples. 

Alternatively, pressurised aerosol dispensers can be used where the 
propellant is separated from contact with the bairspray composition by use 
of specialised containers such as a two compartment can of the type sold 
under the tradename SEPRO from Americal National Can Corp. 

Other suitable aerosol dispensers are those characterized by the propellant 
being compressed air which can be filled into the dispenser by means of a 
pump or equivalent device prior to use. Such dispensers are described in 
US-A-4,077,441, March 7th 1978, Olofsson and US-A-4,850,577, July 
25th 1989, TerStege. Compressed air aerosol containers suitable for use 
are also currently marketed by The Procter & Gamble Company under 
their tradename VIDAL SASSOON AIRSPRAY (RTM) hairsprays. 

Conventional non-aerosol pump spray dispensers, i.e., atomizers, can 
also be used. 

Other Ingredients 

The liquid hair cosmetic compositions of the present invention can also 
contain a variety of non-essential, optional components such as 
preservatives, surfactants, block polymers, thickeners and viscosity 
modifiers, electrolytes, fatty alcohols, pH adjusting agents, perfume oils, 
perfume solubilizing agents, sequestering agents; emollients; lubricants 
and penetrants such as various lanolin components; protein hydroiysates 
and other protein derivatives; ethylene adducts and polyoxyethylene 
cholesterol; sunscreens and volatile and non-volatile silicone fluids. Such 
conventional opdonal ingredients are well known to a person skilled in the 
art, e.g. surfactants such as anionics (e.g., sodium alkyi sulphates, 
nonionics (amine oxides) ; amphoterics (aliphatic secondary or tertiary 
amine derivatives) zwitterionics (aliphatic quaternary ammonium; 
phosphonium or sulphonium derivatives) and fluorinated surfactants (e.g. 
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Zonyl FSK) (RTM); thickeners and viscosity modifiers such as 
diethanolamides of long chain fatty acids; block polymers of ethylene 
oxide and propylene oxide such as Pluronic (RTM) F88 offered by BASF 
Wyandotte; fatty alcohols such as cetearyl alcohol; viscosity modifiers 
such as sodium chloride, sodium sulphate, and ethyl alcohol; electrolyte 
such as earth and alkaline-earth metal salts; quaternary ammonium ions 
and cationic amines and halogen ions; pH adjusting agents such as citric 
acid, succinic acid, sodium hydroxide and triethanolamine; perfume oils 
such as Florasynth (RTM) perfiimes; perfume oil solubilizers such as 
polyethylene glycol fetty acid esters and sequestering agents such as 
etiiylenediamine tetraacetic acid. Each of these optional materials can be 
present at a level of from about 0.05% to about 5%, preferably from 
about 0.1 % to about 3% by weight of composition. 

The liquid hair cosmetic compositions of the present invention are used in 
conventional ways to provide the hair styling/holding benefits of the 
present invention. Such method generally involves spraying an effective 
amount of the product to dry or damp hair before or after the hair is 
styled, or both. By "effective amount" is meant an amount sufficient to 
provide the hair volume and style benefits desired considering the length 
and texture of the hair. 

The invention is illustrated by the following non-limiting examples. 

In the examples, all concentrations are on a 100% active basis, unless 
otherwise stated and the abbreviations have the following designation: 

Hair Styling Polymer - 60% t-butyl acrylate/20% acrylic acid/20% 
silicone PDMS. Weight average molecular 
weight (measured by SEC) of 150,000. 

KOH - Potassium hydroxide solution, containing 45% 

potassium hydroxide and 55% water and minors. 



AMP 



- 2-Amino-2-methyl-l-propanol. 
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DRO Water - Double reverse osmosis water 

Solvent - Ethanol 
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The following are liquid hair cosmetic compositions in the form of 
hairspray compositions suitable for pump spray dispensers and which are 
representative of the present invention: 
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Hair Styling Polymer 
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% poly KOH neutralised 


60 
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60 


55 


% poly AMP neutralised 
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5 


8 


2 


10 


5 


DRO Water 
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3.0 


7.0 


7.0 


10.0 


0 



Balance to 100 percent with ethanol 

The balance contains ethanol and optional ingredients such as plasticizer, 
perfume and surfactants. 

The hairspray formulations are prepared by adding the polymer directly 
to the ethanol. A magnetic or air driven stirrer is used to mix the 
ingredients until the polymer is dissolved, typically about 1 to 2 hours. 
The neutralizmg agent (KOH and AMP) is then added and mixed into the 
premix. Then, the optional ingredients and water, as may be applicable, 
are mixed into the composition. 

The above compositions provide effective style retention, deliver a hair 
conditiomng effect and have excellent clarity. 
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The following are liquid hair cosmetic compositions in the form of 
hairspray concentrate compositions suitable for aerosol dispensers and 
which are representative of the present invention: 
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DRO Water 
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Balance to 100 percent with solvent 

As in examples I to VI the balance can contain ethanol and optional 
ingredients such as plasticizer, perfume and sur&ctants. The above 
compositions are prepared as in Examples I-VI. The concentrates are 
packaged hi conventional aerosol spray cans and are charged with a 
conventional iiquifiable propellent such as CAP 80 (RTM) at a 
propellantxoncentrate weight ratio 0^23:77. 

The above compositions will have excellent clarity and stability 
characterisitcs and when applied to the hair, provide good hair styling and 
conditioning benefits. 
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VHAT IS CLAIMED IS: 

1. A liquid hair cosmetic composition comprising:- 

(a) from about 0. 1 % by weight to about 10% by weight (acid 
basis) of a silicone-containing polycarboxyiic acid copolymer 
having a vinyl polymeric backbone, and having grafted to the 
backbone a silicone-contaning macromer having a weight 
average molecular weight of from about 1,000 to about 
50,000; 

(b) a mixed neutralising system comprising an organic and an 
inorganic base, wherein the organic base is at a level 
sufficient to neutralise from about 0.01 % to about 15% of the 
acid groups on the silicone-containing copolymer while the 
inorganic base is at a level sufficient to neutralise from about 
25% to about 80% of the acid groups on the silicone- 
containing copolymer; and 

(c) from 0% to about 10% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hair. 

2. A liquid hair cosmetic composition according to Claim 1 wherein 
the silicone-containing macromer has the general formula (I): 

X(Y)„Si(R)3_^Z„ (I) 

whecem X is a vinyl group; Y is a divalent linking group; R is 
hydrogen, alkyl, aryl, alkylamino, trialkylsiloxy or alkoxy; Z is a 
monovalent siloxane polymeric moiety having a number average 
molecular weight of at least about 500; n is 0 or 1; and m is an 
integer from 1 to 3. 

3. A liquid hair cosmetic composition according to Claim 1 or 2 
wherein the silicone-containing copolymer has a weight average 
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molecular weight of from 10,000 to 1,000,000 comprising a 
hydrophilic carboxylate containing monomer (B), optionally a 
lipophilic, low polarity, free-radically polymerizable vinyl 
monomer (A) which is copolymerizable with B, and a silicone- 
containing macromer (C) having a weight average molecular weight 
of from 1,000 to 50,000, preferably from 5,000 to 40,000, based 
on polydimethylsiloxane and wherein the macromer (C) is selected 
from one or more monomers having the general formulae (II - VII): 



X-C-0-(CH2)q-(0)p-Si(R4) ^^^Z^^ 
X-Si(R*)3^Zn 



X-^^-(CH2)q-(0)p-Si(R4)3_^Z„ . (IV) 

° HOR.. 
X-C-0- (CHj) -Si (R*) 3^2„ (V) 

0 OH R' • 

II I I 

x-c-o-CH2-cai-cai2-N- (CH2) q-Si (R* ) 3 _^Z,„ (VI) 
O HOR" 

II III 

X-C-O- (CH2 ) 2-N-C-N- (CH2 ) q-Si (R* ) 3_„Z,n (V") 
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4. 



5. 



wherein m is 1, 2 or 3; p is 0 or 1; R" is alkyl or hydrogen; q is an 
integer from 2 to 6; X is 



r1 is hydrogen or -COOH; r2 is hydrogen, methyl or - 
CH2COOH; Z is 
CH3 



r4 is alkyl, alkoxy, alkylamino, aryl or hydroxyl; and r is an 
integer from 5 to 700; and wherein the silicone-containing 
copolymer comprises from 0% to 98% monomer A, from 1 % to 
98% monomer B, and from 0.1% to 50% monomer C. 

A liquid hair cosmetic composition according to any of Claims 1 to 

3 wherein the silicone-containing copolymer comprises from 5% to 
92% by weight monomer A, from 7.5% to 80% by weight 
monomer B, and from 0.1 % to 50% monomer C. 

A liquid hair cosmetic composition according to any of Claims 1 to 

4 wherein monomer A is selected from acrylic acid esters of Ci- 
Cig alcohols, methacrylic acid esters of Ci-Cig alcohols, styrene, 
polystyrene macromer, vinyl acetate, vinyl chloride, vinyl 
propionate, vinylidene chloride, alpha-methylstyrene, t- 
butylstyrene, butadiene, cyclohexadiene, ethylene propylene, vinyl 
toluene, and mixtures thereof; and is preferably selected from n- 
butylmethacrylate, isobutyimethacrylate, 2-ethylhexylmethacrylate, 
methylmethacrylate, t-butylaciylate, t-butylmethacrylate, and 
mixtures thereof. 



CH= C 



(VIII) 




(IX) 



6. 



A liquid hair cosmetic composition according to any of Claims 1 to 
5 wherein monomer B is selected from acrylic acid, methacrylic 
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acid, maleic acid, maleic anhydride, half esters of maleic 
anhydride, crotonic acid, itaconic acid and mixtures thereof; and is 
preferably selected from acrylic acid and methacrylic acid and 
mixtures thereof. 

7. A liquid hair cosmetic composition according to any of Claims 3 to 

6 wherein the silicone containing macromer has the general formula 
(II) in which p = 0 and q = 3, m is 1, R4 is alkyl, r1 is hydrogen 
and r2 is methyl. 

8. A liquid hair cosmetic composition according to any of Claims 1 to 

7 wherein the silicone-containing copolymer is selected from: 

acrylic acid/n-butylmetfaacrylate/polydimethylsiloxane (PDMS) 

macromer - 20,000 molecular weight (mw) (10/70/20); 

acrylic acid/isobutyl methacrylate/FDMS macromer - 20,000 mw 

(20/60/20 w/w/w) 

acrylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 
t-butylacrylate(tBA)/acryUc acid(AA)/PDMS macromer - 10,000 
mw (60/20/20) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,000 mw 
(25/65/15); 

acrylic acid/methoxyethyl methacrylate/PDMS macromer 20,000 
mw (60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 

9. A liquid hair cosmetic composition according to any of Claims 1 to 

8 wherein the silicone-containing copolymer is neutralised to a level 
of from about 0.5% to about 8%, preferably from about 1 % to 
about 6% with organic base and to a level of from about 40% to 
about 70%, preferably from about 55% to about 65% with 
inorganic base. 
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10. A liquid hair cosmetic composition according to any of Claims 1 to 

9 wherein the silicone-containing copolymer is neutralised to a total 
level of from 30% to 95% , preferably from 55% to 75% , moiB 
preferably from 60% to 70% . 

11. A liquid hair cosmetic composition according to any of Claims 1 to 

10 wherein, the weight ratio of inorganic base to organic base is in 
the range of from 1000:1 to about 4:1; preferably from 100:1 to 
5:1, more preferably from 50: 1 to 6: 1 . 

12. A liquid hair cosmetic composition according to any of Claims 1 to 

11 wherein the inorganic base is selected from alkali, alkaline earth 
and ammonium hydroxides and mixtures thereof, piieferably 
potassium hydroxide or sodium hydroxide. 

13. A liquid hair cosmetic composition according to any of Claims 1 to 

12 wherein the organic base is selected from amines and amino 
alcohols and is preferably an amino alcohol selected from 2-amino- 
2-methyl-l,3-propanedioI (AMPD), 2-amin(^2-ethyl-(,3- 
propanediol (AEPD), 2-aminb-2-methyl-l-piopanol (AMP), 2- 
amino-l-butanol (AB), monoethanolamine (MEA), diethanolamine 
(DEA), triethanolamine (TEA), monoisopropanolamine (MIPA), 
diisopropanolamine (DIPA), triisopropanolamine (JIPA) and 
dimethyl steramine (DMS) and mixtures thereof and is preferably 
amino methyl propanol. 

14. A liquid hair cosmetic composition according to any of Claims 1 to 

13 wherein the mixed inorganic/organic base neutralising system 
comprises potassium hydroxide and amino methyl propanol. 

15. A liquid hair cosmetic product comprising a hairspray composition 
and spray dispenser means for containing and spraying the 
hairspray composition, and wherein the hairspray composition 
comprises: 



wo 95/00106 



FCT/US94/05245 



25 

(a) from about 0. 1 % by weight to about 10% by weight (acid 
basis) of a silicone-containing polycarboxylic acid copolymer 
having a vinyl polymeric backbone, and having grafted to the 
backbone a silicone-containmg macromer having a weight 
average molecular weight of from about 1,000 to about 
50,000; 

G>) a mixed neutralising system comprising an organic and an 
inorganic base, wherein the organic base is at a level 
sufTicient to neutralise from about 0.01% to about 15% of the 
acid groups on the silicone-containing copolymer while the 
inorganic base is at a level sufficient to neutralise from about 
25% to about 80% , preferably from about 50% to about 
70% of the acid groups on the silicone-containing copolymer; 

(c) from 0% to about 10% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hair. 
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HAIR STYLING COMPOSITIONS CONTAINING A SILICONE GRAFTED 
POLYMER AND LOW LEVEL OF A VOLATILE HYDROCARBON 
SOLVENT 

5 



10 TECHNICAL FIELD 

The present invention relates to hair styling compositions 
containing a silicone organic polymer as a hair setting agent. More 
particularly, the present invention relates to hairs styling compositions 
containing a silicone grafted organic polymer, having an organic 

IS backbone that is soluble either in water, lower alkanol, or a mixture 
thereof, and further containing an Insoluble hydrocarbon solvent. 
BACKGROUND OF THE INVENTION 
The desire to have the hair retain a particular shape is widely 
held. The most common methodology for accomplishing this is the 

20 application of a composition to dampened hair, after shampooing and/or 
conditioning, or to dry, styled hair. These compositions provide 
temporary setting benefits and they can be removed by water or by 
shampooing. The materials used in the compositions to provide the 
setting benefits have generally been resins and have been applied in tiie 

25 fomi of mousses, gels, lotions or sprays. 

Many people desire a high level of style retention, or hold, from a 
hair spray composition. In typical hair sprays, hold Is achieved by the 
use of resins, such as AMPHOMER^. supplied by National Starch and 
Chemical Company, and GANTREZ*^ SP 225, supplied by GAF. In 

30 general, as hair hold for hair spray compositions is Increased, the tactile 
feel of the hair becomes stifFer and hence, less desirable. It Is desirable 
to provide hair spray products which could provide an improved 
combination of hair hold and hair feel characteristics. 
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Hair sprays have been conventionally fomiulated with high 
amounts of monohydric alcohol solvents, such as ethanol and 
isopropanol, and relatively low amounts of water since the presence of 
water adversely affects spray quality. However, it is now particularly 
5 desirable to fonnulate hair spray compositions with reduced levels of 
volatile organic compounds, sudi as ethanol, isopropanol, and other 
volatile materials, such as aerosol propellants. One way to do this is to 
increase the levels of water In the formulations. In doing so, it would be 
highly desirable to provide refomiulated products which overcome the 
10 problems conventionally associated with the addition of water to hair 
spray products. In particular, higher levels of water can negatively 
impact hair feel. 

Recently, it has become known to utilize silicone grafted organic 
backbone polymers as hair setting agents in hairspray compositions and 
15 other hair styling compositions, e.g. hair tonics, lotions, rinses, mousses, 
etc. Silicone grafted polymers can be used to make hair spray 
compositions which provide hair setting ability with improved hair feel. 
e.g., increased softness relative to conventional polymeric hair setting 
agents. 

20 However, it remains desirable to improve the hair feel 

perfomiance these silicone grafted polymers can provide at a particular 
level of hair hold, or conversely, to improve hair hold (after application 
and drying of such compositions) for a particular level of hair feel 
performance. It is an object of this invention to provide hair spray 

25 compositions, and other aqueous, alcohol, or hydroalcoholic-based hair 
setting solutions, containing silicone grafted organic backbone polymeric 
hair setting agents that provide such improved combinations of hair 
feel/hair hold performance. 

It is a further object of this invention to provide hair setting 

30 compositions, as described above, that provide both improved hair feel 
and improved hair hold ability for a particular level of silicone grafted 
polymer in the composition. 

It is yet a further object of this invention to provide compositions 
that meet the above objects for conventional volatile organic solvent 

35 level (conventional VOC) compositions, whidi typically contain greater 
than 80% of volatile organic compounds, as well as for reduced volatile 
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organic solvent level (reduoed VOC) compositions, i.e., compositions 
having 80% or less volatile organic solvents. 

These and other benefits as may be apparent from the desCTiption 
below can be obtained by the present invention. 

The present compositions can comprise, consist of, or consist 
essentially of any of the required or optional ingredients and/or 
limitations described herein. 

All percentages and ratios are calculated on a weight basis unless 
otherwise Indicated. All percentages are calculated based upon the total 
composition unless othenvise indicated. 

All ingredient levels are refer to the active level of that ingredient, 
and are exclusive of solvents, by-products, or other impurities that may 
be present in commercially available sources, unless othenvise 
Indicated. 

SUMMARY OF THE INVENTION 
The present invention relates to hair styling compositions 
comprising: 

(a) firom about 0.1% to about 15%, by weight, of a silicone 
grafted adhesive polymer, said polymer being 
characterized by an organic polymeric backbone having 
silicone macromers grafted to said backbone; 

(b) from about 0.5% to about 1 5%. by weight, of a hydrocarbon 
solvent selected from the group consisting of C10-C14 
branched chain hydrocarbons, and mixtures thereof, having 
a boiling point of from about 105°C to about 260°C; 

(c) a polar solvent phase comprising from about 80% to about 
98.9%, by weight of the composition, of a polar solvent 
selected from the group consisting of water and C2-C3 
monohydric alcohols, and mixtures thereof, wherein said 
composition contains no more than about 15%, by weight, 
of C3 monohydric alcohol; 

wherein said organic polymer backbone is soluble in said polar solvent 
phase, and said silicone macromers of said hair setting polymer are 
soluble in said hydrocarbon solvent and insoluble in said polar solvent. 

In preferred embodiments, the compositions hereof additionally 
comprise a plastici2Br for the silicone grafted hair setting polymer. 
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Especially preferred plasticizers include acetyl tri-C2-C8 alkyi citrates, 
particularly acetyl triethyl citrate. 

DETAILED DESCRIPTION OF THE INVENTION 
Tiie essential components of the present invention are described 
5 below. Also included is a nonexclusive description of various optional 
and preferred components useful in embodiments of the present 
Invention. 

Silicone Grafted Adhesive Potvmer 

The ctmipositions of the present Invention essentially comprise a 

10 silicone grafted adhesive polymer as a hair setting agent. The 
compositions hereof will generally comprise from about 0.1% to about 
15%, preferably from 0.5% to about 8%, more preferably from about 1% 
to about 8%, by weight of the composition, of the silicone grafted 
polymer. It is not intended to exclude the use of higher or lower levels of 

15 the polymers, as long as an effective amount is used to provide adhesive 
or film-fbnning properties to the composition and the composition can be 
formulated and effectively applied for its intended purpose. By adhesive 
polymer what is meant is that when applied as a solution to a surface and 
dried, the polymer fbrms a film. Such a film will have adhesive and 

20 cohesive strength, as is understood by those sidlled in the art. . 

The silicone grafted polymers are characterized by polysiloxane 
moieties covalently bonded to and pendant from a polymeric carijon- 
based bacl^one. The backbone will preferably be a carbon chain 
derived from polymerization of ethylenlcally unsaturated monomers, but 

25 can also be, cellulosic chains or other carisohydrate-derived polymeric 
chains to which polysiloxane moieties are pendant. The backbone can 
also Indude ether groups, i.e., C-O-C. The polysiloxane moieties can be 
substituted on the polymer or can be made by co-polymerization of 
polyslloxane-containing polymerizable monomers (e.g. ethylenically 

30 unsaturated monomers, ethers, and/or epoxides) vrith non-i3olysiloxane- 
containlng polymerizable monomers. 

The polyslioxane-grafted polymer should have a weight average 
molecular weight of at least about 20,000. There is no upper limit for 
molecular weight except that which limits applicability of the invention for 

35 practical reasons, such as processing, aesthetic characteristics, 
formulateability, etc. In general, the weight average molecular weight will 
be less than about 10,000,000, more generally less than about 
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5,000,000, and typically less than about 3,000,000. Preferably, the 
weight average molecular weight will be between about 50,000 and about 
2,000,000, more preferably between about 75,000 and about 1,000,000, 
most preferably between about 100,000 and about 750,000. 
5 Preferably, the grafted-polymers hereof when dried to fonn a film 

have a Tg or Tm of at least about -20*'C, preferably at least about 20'»C, 
so that they are not unduly sticky, or "tack/* to the touch. As used 
herein, the abbreviation 'Tg" refers to the glass transition temperature of 
the nonijolysiloxane backbone of the polymer, and the abbreviation "Tm" 
10 refers to the crystalline melting point of the non-siloxane backbone. If 
such a transition exists for a given polymer. Preferably, both the Tg and 
the Tm, if any, are above alsout -20°C, more preferably above about 
20«»C. 

The silicone grafted polymers for the compositions of the present 
IS Invention include "silicone-containing" (or "polysiloxane-containing") 
monomers, which form the silicone macromer pendant from the 
backbone, and non-silicone-contalning monomers, which form the 
organic t)ackbone of the polymer. 

The silicone grafted polymers should satisfy the following four 
20 criteria: 

(1 ) when dried the polymer phase-separates into a discontinuous 
phase which includes the poiysiloxane portion and a 
continuous phase which includes the non-polysiloxane 
portion; 

25 (2) the poiysiloxane portion is covalently bonded to the non- 

polysiloxane portion; and 
(3) the molecular weight of the poiysiloxane portion is at least 
about 500; and 

When used in a composition, such as a personal care composition 
30 for application to the hair or skin, the non-polysiloxane portion should 
permit the polymer to deposit on the intended surface, such as hair or 
skin. 

It is believed that the phase separation property provides a 
specific orientation of the polymer which results in the desired 
35 combination of tactile feel, and film-forming or adhesive benefits. The 
phase-separating nature of the compositions of the present invention 
may be detennined as follows: 
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The polymer is cast as a solid film out of a solvent (i.e., a solvent 
which dissolves both the backbone and the polysiloxane-graft portions). 
This film is then sectioned and examined by transmission electron 
microscopy. Microphase separation is demonstrated by the observation 
S of inclusions in the continuous phase. These inclusions should have the 
proper size to match the size of the silicone chain (typically a few 
hundred nm or less) and the proper density to match the amount of 
silicone present This behavior is well documented in the literature for 
polymers with this structure (see, for example, S. D. Smith, Ph.D. Thesis, 

10 University of Virginia, 1987. and rBferenoes cited therein, said thesis 
incorporated by reference herein). 

A second method for determining phase-separating characteristics 
involves examining the enrichment of the concentration of silicone at the 
surface of a polymer film relative to the concentration in the bulk polymer. 

15 Since the silicone prefers the low energy air interface, it preferentially 
orients on the polymer surface. This produces a surface with the silicone 
oriented at the surface of the film. This can be demonstrated 
experimentally by ESCA (electron spectroscopy for chemical analysis) of 
the dried film surface. Such an analysis shows a high level of silicone 

20 and a greatly reduced level of backbone polymer when the film surface is 
analyzed. (Surface here means the first few tens of Angstroms of film 
thickness.) By varying the angle of the inten-ogating beam the surface 
can be analyzed to varying depths. 

A third method for detennining phase-separating characteristics is 

25 via Scanning Electron Microscopy (SEM), to examine the topographical 
morphology of dried film of the silicone grafted polymer. SEM can be 
used to demonstrate microphase separation at the surface of the polymer 
film by the obsen/ation of hemi-spherical discontinuities (typically hemi- 
spherical or hemi-conical) formed by the silicone macromer component 

30 grafted on the polymer backbone of the silicone grafter polymer. 

The preferred silicone grafted polymers comprise an organic 
backbone preferably a carison backbone derived from ethylenically 
unsaturated monomers, such as a vinyl polymeric backbone, and a 
polysiloxane macromer (especially prefenred are polydialkylsiloxane, 

35 most preferably polydimethylsiloxane) grafted to the backbone. The 
polysiloxane macromer should have a weight average molecular weight 
of at least about 500. preferably firom about 1 ,000 to about 1 00,000, more 
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preferably from about 2,000 to about 50,000, most preferably about 5,000 
to about 20,000. Organic backbones contemplated include those that are 
derived from polymerizable, ethylenically unsaturated monomers, 
Including vinyl monomers, and other condensation monomers (e.g., those 
5 that polymerize to form polyamides and polyesters), ring-opening 
monomers (e.g., ethyl oxazoline and caprolactone), etc. Also 
contemplated are backbones based on cellulosic chains, ether-containing 
backbones, eta 

Examples of useful polymers and how they are made are 
10 described in detail in U.S. Patent 4,693,935. Mazurek, issued September 
15, 1987, U.S. Patent 4,728,571, Clemens et aL, Issued IVIarch 1, 1988, 
both of which are incorporated herein by reference. 

Suitable silicone grafted polymers are also disclosed In EPO 
Application 90307528.1, published as EPO Application 0 408 311 A2 on 
15 January 11 , 1 991 , Hayama, et al., U.S. Patent 5,061 ,481 , Issued October 
29, 1991, Suzuki et al., U.S. Patent 5.106,609, Bolich et al., issued April 
21, 1992, U.S. Patent 5,100,668, Bolich et al., issued March 31, 1992, 
U.S. Patent 5,100,657, Ansher-Jackson, et al., issued March 31, 1992, 
U.S. Patent 5,104,646, Bolich et al., issued April 14, 1992, U.S. Serial 
20 No. 07/758.319. Bolich et al, filed August 27, 1991, and U.S. Serial No. 
07/758,320, Torgerson et al., filed August 27, 1991, ail of whidi are 
incorporated by reference herein. 

The preferred silicone grafted polymers are comprised of 
monomer units derived from: at least one flree radically polymerizable 
25 ethylenically unsaturated monomer or monomers and at least one free 
radically polymerizable polysiloxane-containing ethylenically unsaturated 
monomer or monomers. 

The silicone grafted polymers hereof generally comprise from 
about 1% to about 50%, by weight, of polysiloxane-containing monomer 
30 uriits, i.e., monomer units polysiloxane-containing monomers (refenred to 
herein as "C" monomers), and from about 50% to about 99% by weight, 
of non-poiysiloxane-containing monomers. 

The non-polysiloxane-containing monomer units can be derived 
from polar, or hydrophilic, monomers, "A" monomers, or mixtures of polar 
35 hydrophilic monomers and low polarity, or hydrophobic, "B" monomers. 

Hydrophobic monomers means monomers which form 
substantially water insoluble homopolymers. Hydrophilic monomers 
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means monomers which do not form substantially water insoluble 
homopolymers. Substantially water soluble shall refer to monomers that 
form homopolymers that are soluble in distilled (or equivalent) water, at 
25»C. at a concentration of 0.2% by weight, and are preferably soluble at 
5 1.0% by weight Substantially water insoluble shall refer to monomers 
that form homopolymers that are not soluble In distilled (or equivalent) 
water, at 25»C, at a concentration of 0.2% by weight, and preferably not 
soluble at 0.1% by weight. The weight average molecular weight for 
purposes of detennining substantial water solubility or insolubility shall 

10 be about 100,000. although solubility at higher molecular weight shall 
also be indicative of solubility at about 100,000. 

The particular relative amounts of A, B, and C monomers can vary 
as long as the polymer backbone is soluble in the polar solvent hereof 
and the silicone grafted copolymer exhibits phase separation when dried. 

15 Representative examples of A monomers include acrylic acid, 

methacryllc add, N,N-dlmethylacrylamide, dimethyl aminoethyl 
methacrylate, quatemized dimethylamlnoethyl methacrylate, 
methacryiamide, N-t-butyl acrylamide. maleic add, maleic anhydride and 
Its half esters, crotonic add, itaconic add, acrylamide, acrylate alcohols, 

20 hydroxyethyl methacrylate, diallyldlmethyl ammonium chloride, vinyl 
pyrrolldone, vinyl ethers (such as methyl vinyl ether), malelmldes, vinyl 
pyridine, vinyl imidazole, other polar vinyl heterocyclics, styrene 
sulfonate, allyl alcohol, vinyl alcohol (such as that produced by the 
hydrolysis of vinyl acetate after polymerization), vinyl caprolactam, salts 

25 of any acids and amines listed above, and mixtures thereof. Preferred A 
monomers indude acrylic add, N.N-dimethyl acrylamide, 
dimethylamlnoethyl methacrylate, quatemized dimethyl aminoethyl 
methacrylate, vinyl pyrrolldone, salts of adds and amines listed above, 
and mixtures thereof. 

30 Representative examples of B monomers are acrylic or 

methacrylic acid esters of C-i-Cig alcohols, such as methanol, ethanol, 
methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-1- 
propanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, 1- 
methyl-1-butanol, 3-methyl-1-butanol, 1-methyl-1-pentanol, 2-methyM- 

35 pentanol, 3-methyl-1-pentanol, t-butanol(2-methyl-2-propanol), 
cyclohexanol, neodecanol, 2-ethyl-1-butanol, 3-heptanol, benzyl alcohol, 
2-octanol, 6-methyl-1-heptanol, 2-ethyl-1-hexanol, 3,5-dimethyl-1- 
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hexanol, 3,5,5-tri methyi-l-hexanol, 1-decanoI, 1-dodecanol, 1- 
hexadecanol, 1-octa decanol, and the like, the alcohols having from 
about 1-18 carbon atoms with the number of carbon atoms preferably 
being from about 1-12; styrene; polystyrene macromer; vinyl acetate; 
5 vinyl chloride; vinylidene rfiloride; vinyl propionate; alpha-methylstyrene; 
t-butyistyrene; butadiene; cyclohexadiene; ethylene; propylene; vinyl 
toluene; and mixtures thereof. Prefen^ed B monomers include n-butyl 
methacrylate, isobutyl methacrylate, t-butyl acrylate, t-butyl methacrylate, 
2-ethylhexyl methacrylate, methyl methacrylate, and mixtures thereof. 
10 Most preferably, B is selected from t-butyl acrylate, t-butyl methacrylate, 
and mixtures thereof. 

Polymerizable polysiloxane-containing monomers (C monomer) 
are exemplified by the general formula: 
X(Y)nSi(R)3^^ 

IS wherein X is an ethyienically unsaturated group copoiymerizable with the 
A and B monomers, such as a vinyl group; Y is a divalent linl<ing group; R 
Is a hydrogen, hydroxyl, lower alkyi (e.g. 61-04), aryl, alkaryl, alkoxy, or 
alkylamino; Z is a monovalent siloxane polymeric moiety having a 
number average molecular weight of at least about 500, is essentially 

20 unreactive under copolymerization conditions, and is pendant from the 
vinyl polymeric backbone described above; n is 0 or 1; and m is an 
integer from 1 to 3. C has a weight average molecular weight as 
described above. Preferably, the C monomer has a fomiula selected 
from the following group: 

25 0 
II 

X-C.0-(CH2)q-(0)p-Si(Rl)3^nZm 

In this structure, m is 1, 2 or 3 (preferably m = 1); p is 0 or 1; q is 
30 an integer from 2 to 6; r1 is hydrogen, hydroxyl, lower alkyI, alkoxy, 
all^iamino, aryl, or alkaryl (preferably r1 is alkyI); X is 

CH=C- 
I I 

35 r2 r3 

r2 is hydrogen or -COOH (preferably r2 is hydrogen); r3 is hydrogen, 
methyJ or -CH2COOH (preferably r3 is methyl); Z is 
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I 

R4^-Si-0-)r; 
I 

5 R6 

r4 r5, and r6 independently are lower alkyi, alkoxy, alkylamino, aryl, 
arkaryl. hydrogen or hydroxy! (preferably r4 r5, and r6 are alkyls); and 
r is an integer of about 5 or higher, preferably about 10 to about 1500 
(most preferably r is from about 100 to about 250). Most preferably, R^, 

10 r5 and R^ are methyl, p=0, and qs3. 

In general, the silicone grafted polymer will preferably comprise 
from about 60% to about 99%, more preferably from about 60% to about 
98%, most preferably from about 75% to about 95%, by weight of the 
polymer, of non-sillcone macromer-containlng monomer units, e.g. the 

15 total A and B monomer units, and firom about 1% to about 50%, 
preferably from about 1% to about 40%. more preferably from about 2% 
to about 25%. of silicone macromer-oontaining monomer units, e.g. the C 
monomer units. The level of A monomer units can be from about 1% to 
about 99%, preferably from about 5% to about 80%, more preferably from 

20 about 10% to about 50%, most preferably from about 1 5% to about 40%; 
the level of B monomer units, can be from 0% to about 99%, preferably 
from about 1% to about 90%, more preferably from about 5% to about 
85%, most preferably from about 15% to about 80%; and the level of C 
monomer units, from about 1% to about 50%, preferably from about 1% 

25 to about 40%, more preferably from about 2% to about 25%. 

The composition of any particular siiirane grafted polymer will help 
determine its fbnnulational properties. By appropriate selection and 
combination of particular A, B and C components, the silicone grafted 
polymer can be optimized for inclusion in sbecific vehicles. The 

30 backbone of the silicone grafted polymer included in the compositions 
hereof must be soluble in the polar solvent, which is hereinafter refen-ed 
to as the silicone grafted polymer, as a whole, being soluble in the polar 
solvent. This is determined according to whether the polymer can stay in 
solution or precipitates out of solution at 25°C at the concentration 

35 present in the composition or whether the range of concentrations for 
silicone grafted polymer discribed herein, it is well within the skill of one 
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in the art to select monomers for incorporation into tlie polymers for 
fonnulateabiiity and solubility in selected polar solvent systems. 

Exemplary silicone grafted polymers for use In the present 
invention include the following: 
5 (i) acrylic acid/n-butylmethacrylate/polydimethylsiloxane 

(PDMS) macromer 20,000 molecular weight macromer 
(ii) dimethylaminoethyl methacryiatei/isobutyl methacrylate/2- 
-elhylhexyl-melhacrylate/PDMS macromer-20,000 
molecular weight macromer 
10 (iii) t-bufylacryiate/acrylicacid/PDMSmacromer-1 0,000 

molecular weight macromer 
(iv) t-butylacrylate/acrylicacld/PDMS macromer-20,000 

molecular weight macromer 
The silicone grafted polymers can be synthesized by free radical 
15 polymerization of the polysiloxane-containing monomers with the non- 
polysiloxane-containing monomers. The general principles of free 
radical polymerization methods are well understood. See, for example, 
Odian, "Principles of Polymerization", 2nd edition, John Wiley & Sons, 
1981, pp. 179-318. The desired monomers are all placed In a reactor, 
20 along with a sufficient amount of a mutual solvent so that when the 
reaction is complete the viscosity of the reaction is reasonable. Typical 
monomer loadings are from about 20% to about 50%. Undesired 
terminators, especially oxygen, are removed as needed. This is done by 
evacuation or by purging with an inert gas, such as argon or nitrogen. 
25 The initiator is introduced and the reaction brought to the temperature 
needed for initiation to occur, assuming thermal initiators are used. 
Alternatively, redox or radiation initiation can be used. The 
polymerization is allowed to proceed as long as needed for a high level 
of conversion to b& achieved, typically from a few hours to a few days. 
30 The solvent is then removed, usually by evaporation or by precipitating 
tiie polymer by addition of a nonsolvent. The polymer can be furttier 
purified, as desired. 

In particular the silicone grefted polymers can be purified by 
removing unreacted silicone-containing monomer and silicone 
35 macromer-grafted polymer with viscosities at 25°C of about 10,000,000 
centistokes and less. This can be done, for the example, by hexane 
extraction. After drying the resin from its reaction solvent hexane 
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extraction of the reaction product can be performed by adding an excess 
of hexane to the reaction product and heating to near the Tg of the 
non-silicone portion of the polymer. The mixture is held at this 
temperature with stirring for about 30 minutes and cooled to room 
5 temperature. The hexane is removed by vacuum suction. Tvi/o more 
hexane extraction (^cles are preferably conducted In the same manner 
as above. After the third cycle, residual hexane remaining with the 
product is removed by distillation and vacuum drying. 

As an alternative to a batch reaction, the silicone grafted polymer 

10 can be made by a semi-continuous or continuous process. In the semi- 
continuous process, two or more additions of monomers Is made during 
the polymerization reaction. This is advantageous when the polymer is 
made of several monomers which react during the polymerization at 
different rates. The proportions of monomers added to the reaction at 

IS the separate points of addition can be adjusted by one of ordinary skill in 
the art such that the polymers of the final product have a more uniform 
structure. In other words, the polymers of the final product will have a 
more consistent monomer content distribution for each of the monomer 
types charged to the reaction. Typically, the silicone macromer- 

20 combining mononners, the "C" monomers as described above, well react 
more slowly than the non-silicone macromer-containing monomers. To 
compensate for this, for example, more consistent distribution of C 
monomer can be obtained by adding all the C monomer and half of the A 
and B monomers in the first addition of monomers to the reaction, and 

25 the rest of the A and B monomers In a second addition. 

As is known in the art, polymers which have acidic functionalities, 
such as carisoxyi groups, are usually used In at least partially neutralized 
form to promote solubiiity/dispersiblllty of the polymer. In addition, use of 
the neutralized form aids In the ability of the hair care compositions to be 

30 removed from the hair by shampooing. In general, It Is preferred that 
from about 10% to 100%, more preferably from about 20% to about 90%, 
even more preferably from about 40% to about 85%, of the acidic 
monomers of the polymer t>e neutarallzed. 

Any conventionally used base, organic or metallic, may be used 

35 for neutralization of the polymers. Metallic bases are particulariy useful 
In the present compositions. Hydroxides, where the cation is an alkali 
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metal or an alkaline earth metal, are suitable neutralizers for use in the 
present hair spray compositions. 

Preferred neutralizing agents for use in hair spray compositions of 
the present invention are potassium hydroxide and sodium hydroxide. 
5 Examples of other suitable neutralizing agents which may be 

included in the hair spray compositions of the present invention include 
amines, especially amino alcohols such as 2-amino-2- 
-methyl-1,3-propanediol (AMPD), 2-amine-2-ethyM.3-propanediol 
(AEPD), 2-amino-2-methyl-1-propanol (AMP), 2-amino-1-butanol (AB), 

10 monoethanolamlne (MEA), diethanolamine (DEA), triethanolamine 
(TEA), monolsopropanolamlne (MlPA), diisopropanol-amine (DlPA), 
tri-lsopropanolamlne (TlPA) and dimethyl steramine (DMS). Particularly 
useful neutralizing agents are mixtures of amines and metallic bases. 

Polymers having basic functionalities, e.g., amino groups, are 

IS preferably at least partially neutralized with an acid, e.g., hydrogen 
chloride. 

Solubility of the silicone grafted polymer, as described above, 
should be determined after neutralization, if any, as well as after addition 
of other ingredients that may be included in the polar solvent phase, 

20 such as surfoctants. solubilizers, etc. 
Polar Solvent Phase 

The liquid care compositions of the present invention also include 
a polar solvent phase as a liquid vehicle for the silicone grafted polymer. 
The polar solvent phases comprise one or more polar solvents that are 

25 present in the hair care compositions at a level of from about 80% to 
about 98.9%, preferably from about 85% to about 98%, more preferably 
from about 90% to about 95% of the total composition. 

The polar solvents essential to the present compositions are 
selected from the group consisting of water C2-C3 monohydric alkanols, 

30 and mixtures thereof. If present, C3 alkanols. such as isopropanol, 
should be used at levels no greater than about 15% by weight of the 
composition, preferably no greater than about 12%, more preferably no 
greaX&F than about 10%. High levels of C3 monohydric alcdiols are 
undesirable in the prissent compositions due to potential odor issues they 

35 can create. Preferred polar solvent phases contain water, ethanol, or 
mixtures thereof. 
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Where water and alcohol mixtures are used, for instance, 
water-ethanol or water-isopropanol-ethanol, the water content of the 
compositions is generally in the range of from about 0.5% to about 99%, 
preferably from about 5% to about 50% by weight of the total 
S composition. In such mixtures, the alcohoi solvents are genaraliy 
present in the range of firom 0.5% to about 99%, preferably from about 
50% to about 95%, by weight of the total composition. 

In yet another aspect of this invention are provided hair styling 
products, such as hair spray compositions, which contain reduced levels 

10 of volatile organic solvents. A reduced volatile organic solvem hair spray 
composition of the present invention contains no more than 80% volatile 
organic solvents (which include, for example, alkanols but not water). As 
used harein, volatile organic solvents means solvents which have at 
least one carbon atom and exhibit a vapor pressure of greater than 0.1 

IS mmHgat20°C. 

In the reduced volatile organic solvent hair styling products 
hereof, the compositions generally comprise at least 10%, by weight, of 
water. It Is also specifically contemplated that they may contain at least 
about 11%. 12%, 13%. 14%, 15%, or more water. 

20 The reduced volatile organic solvent compositions herieof will 

comprise up to about 90%, preferably up to about 70%, more preferably 
up to about 60% even more preferably no more than about 50%, water; 
and from about 10% to about 80%, preferably from about 20% to about 
80%, more preferably from about 40% to about 80%, of volatile organic 

25 solvent. It is also contemplated that the compositions can be limited to 
containing no more than about 75%, 65%, 55%. or other levels of volatile 
organic solvents. 

Nonpolar, Pranched Chain Hydrppgrtwn 

The compositions hereof contain as an essential element a 

30 volatile, nonpolar. branched chain hydrocarbon, vi/hich acts as a solvent 
for the silicone portion of the silicone grafted copolymer and is safe for 
topical application to the skin and hair. The branched chain hydrocarton 
solvent hereof is present at a level of from about 0.5% to about 15%, 
preferably from about 1% to about 10%, more preferably firom about 2% 

35 to about 8%, by weight of the composition. 

The branched chain hydrocarbon solvent is characterized by a 
boiling point of at least about 105°C, preferably at least about 110°C, 
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more preferably at least about 125°C, most preferably at least about 150 
°C . The boiling point is also generally about 260°C or less, preferably 
about 200''C or less. The hydrocarbon chosen should also be safe for 
topical application to the hair and skin. 
5 The branched chain hydrocarbon solvents are selected from the 

group consisting of C10-C14 branched chain hydrocarbons, and mixtures 
thereof, preferably Ci-|-Ci3 branched chain hydrocarbons, more 
preferably C12 branched chain hydrocarbons. Saturated hydrocarbons 
are preferred, although It isnt necessarily intended to exclude 

10 unsaturated hydrocarbons. 

Examples of suitable nonpolar solvents Include IsoparafRns of the 
above chain sizes. isoparafTins are commercially available from Exxon 
Chemical Co. Examples include Isopar^M q (Ciq-Ch isoparaffins), 
Isopar™ H and K (Cii-Ci2 isoparaffins), and Isopar^M L (C11-C13 

IS isoparaffins). The most preferred nonpolar solvent are C12 branched 
chain hydrocarbons, especially isododecane. Isododecane is 
commercially available from Preperse, Inc. (South Plainfield, NJ, USA) 
asPermethy|TM99A. 

The silicone macromer portion of the silicone grafted polymer is 

20 soluble in the nonpolar hydrocarbon solvent in the present compositions. 
This can be easily determined by verifying whether a silicone macromer 
of the same composition and molecular weight as that grafted to the 
silicone grafted polymer is soluble in the nonpolar hydrcarbon solvent, 
in general, the macromer should be soluble at 25°C at a concentration of 

25 0.1% by weight of the hydrocarbon solvent, preferably at 1%, more 
preferably at 5%, most preferably at 15%. 

The nonpolar hydrocarbon solvent, however, is insoluble in the 
polar solvent of the composition. This is determined in the absence of 
the silicone grafted polymer, or other emulsi^ng agents, and can easily 

30 be verified by observing whether the polar and nonpolar solvents form 
separate phases after being mixed together. 

Without intending to be necessarily limited by any particular 
theory, it is believed that the nonpolar hydrocarbon solvent solubilizes 
the silicone macromer portion of the silicone grafted polymer. This is 

35 believed to aid in obtaining a smoother polymer film upon drying. Since 
the hydrocarbon solvent is less volatile than the polar solvent phase, the 
hydrocarbon solvent maintains the silicone portions in solubilized fomn 
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for a relatively long period as the composition dries, thus minimizing 
aggregation of the silicone portions and, therefore, allowing the polymer 
to dry as a smoother film. 
Plasticizer 

5 The compositions hereof can optionally contain a plasticizer for 

the silicone grafted polymer. Any plasticizer suitable for use in hair care 
products or for topical application to the hair or skin can be used. A wide 
variety of plasticlzers are known in the art These include glycerin, 
diisobutyl adipate, butyl stearate, and propylene glycol. Plasticlzers are 

10 typically used at levels of from about 0.01% to about 10%, by weight of 
the composition, preferably from about 0.05% to about 3%, more 
preferably fi-om about 0.05% to about 1%. 

in a highly prefen'ed embodiment hereof, surprising improvements 
in hair hold performance can be obtained when the present compositions 

IS have included therein certain plasticlzers selected from the group 
consisting of acetyl tri-C2-C8 alkyi citrates, such as acetyl triethyl citrate. 
Other suitable examples include the tri-propyl, -butyl, -pentyl, etc., 
analogues of acetyl triethyl citrate . 

Whereas it has been found that plasticlzers of this type result in a 

20 brittle, gritty film of the silicone grafted polymer when fomned from a 
composition rx>t including the hydrocarbon solvent of the present 
invention, the use of the acetyl tri-alkyi citrate in the presence of the 
hydrocarbon solvent in the present compositions can provide improved 
hair hold relative to the citrate-free composition, without causing the hair 

25 to feel brittle or gritty, and while also allowing the hair to exhibit improved 
softness and comb-ability relative to a citrate plasticizer-containing 
composition that does not contain the nonpolar hydrocarbon solvent 
hereof. 

The acetyl tri-alkyi citrate -plasticizer hereof is generally used at a 
30 level of from about 0.025% to about 2%. preferably from about 0.05% to 
about 1%, by weight of the composition. Preferably, the weight ratio of 
silicone grafted polymer to the acetyl tri-alkyi dtrate is from about 1:1 to 
about 40:1, preferably from about 10:1 to about 30:1, more preferably 
from about 15:1 to about 25:1. 
35 Optional Ingredients 

The present compositions can contain a wide variety of optional 
ingredients, including among them any of the types of ingredients known 
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in the art for use in hair setting compositions, especially hair spray 
compositions and hair setting tonics. These ingredients include, but are 
not limited to, surfactants (including fluorinated surfactants and silicone 
copolyols, and silicone tonic strength modifiers, non-siiicone grafted film- 
S fomiing polymers, propellants, hair conditioning agents (e.g., silicone 
fluids, fatty esters, fatty alcohols, long chain hydrocarbons, cationic 
surfactants, etc.) 
Fluorosurfactants 

Fluorosurfectants useful In the present compositions Include 

10 perfluorinated compounds which can be represented by the fbmnula 
CF3-(CF2)jj-(CH2)y-Z 
where Z is a water solubilizing group of either organic or inorganic 
character, x is an integer which is generally from 2 to 17, particularly 
from 7 to 1 1 , and y is an integer from 0 to 4, and said compounds may be 

15 cationic, anionic, amphoteric or zwitterionic, depending upon the nature 
of the grouping or groupings encompassed by Z. The Z groups may be 
or may comprise sulfate, sulfonate, cart)oxyiate, amine salt, quaternary 
ammonium, phosphate, phosphonate. and combinations thereof. The 
perfluorinated compounds are Itnown in the art. These compounds are 

20 described in U.S. Patent 4.176.176, Cella et al., issued November 27, 
1979; U.S. Patent 3,993,745. Celia et al.. issued November 23. 1976, 
and U.S. Patent 3.993,744. Cella et al., issued November 23, 1976, each 
being incorporated herein by reference. 

Suitable anionic fluorosurfactants can have anionic moieties which 

25 include carboxyiates, sulfates, sulfonates, phosphonates and 
phosphates or any combination thereof. Counterions therefore can 
include sodium, NH4, magnesium, potassium, tri-ethanolamine, 
di-ethanolamine, and similar moieties. Suitable cationic fluorosurfactants 
can have cationic moieties vWiich include quaternary ammonium 

30 compounds where the counterions can be chloride or any other halide, 
methosulfate. ethosulfate, phosphate, acetate, and other similar 
moieties. Also, suitable cationic fluorosurtectants can have cationic 
moieties which include primary, secondary and tertiary amine salts of 
acids such as hydrochloric, lactic, phosphoric, sulfuric and other similar 

35 acids. 

Also suitable for use are amphoteric fluorosurfactants, such as 
Fluorad FC-100® supplied by 3M; and the experimental amphoteric 
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fluorosurfactant L-12231 supplied by 3M; and also include zwitterionic 
fluorosurfactants such as those conforming to the formula 
RfCH2CH(OCOCH3)CH2N*(CH3)2CH2C02. wherein Rf F(CF2CF2)3-8 
such as Zonyl FSK®supplied by DuPont 
5 Fluorosurfactant, are typically used at levels of from about 0.01 % 

to about 2%. preferably from about 0.01% to about 1.5%. More 
preferably from about 0.02% to about 1 %. 
Non-fluorinated Surfactants 

Optionally, the hair spray compositions can contain one or more 

10 non-fluorinated surfactant. Generally, if used such non-fluorinated 
surfactants will be used at a total level of from about 0.01 % to about 2%, 
preferably from about 0.01% to about 1.5% and more preferably from 
about 0.01 % to about 1 %, by weight of the composition. 

A wide variety of non-fluorinated surfactants can be used, 

IS including anionic, cationic, amphoteric, and zwitterionic surfactants. 

Anionic surfactants include, for example: alkyi and alkenyl 
sulfates; alkyI and alkenyl ethoxylated sulfates; (preferably having an 
average degree of ethoxylation of 1 to 10), succinamate surfactants, 
isuch as alkylsulfosucdnamates and dialkyi esters of sulfbsuccinic iacid; 

20 neutralized fatty acid esters of isethionic acid; and alkyI and alkenyl 
sulfonates, including, for example, olefin sulfonates and beta-alkoxy 
alkane sulfonates. Prefen-ed are alkyI and alkenyl sulfates and alkyI and 
alkenyl ethoxylated sulfates such as the sodium and ammonium salts of 
C12-C18 sulfates and ethoxylated sulfates with a degree of ethoxylation 

25 of lirom 1 to about 6, preferably from 1 to about 4, e.g., lauryl sulfate and 
laureth (3.0) sulfate. 

Amphoteric surfactants include those which can be broadly 
described as derivatives of aliphatic secondary and tertiary amines in 
which the aliphatic radical can be straight chain or branched and wherein 

30 one of the aliphatic substituents contains from about 8 to about 18 
carbon atoms and one contains an anionic water solubilizing group, e.g., 
carboxy, sulfonate, sulfate, phosphate, or phosphonate. Examples of 
compounds falling within this definition are sodium 3-dodecylaminopro- 
pionate, N-alkyltaurines such as the one prepared by reacting 

35 dodecylamine with sodium isethionate according to tine teaching of U.S. 
Patent 2,658,072, N-higher alkyI aspartic acids such as those produced 
according to the teaching of U.S. Patent 2,438,091, and the products 
sold under the trade name "Miranol" and described in U.S. Patent 
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2,528,378. Others include alkyi, preferably Cg-C22 and most preferably 
Cg-C^2' amphoglycinates; alkyI, preferably Cg-C22 and most preferably 
Cg-C^2> amphopropionates; and mixtures thereof. 

Suitable zwitterionic surfactants for use in the present 
5 compositions can be exemplified by those which can be broadly 
described as derivatives of aliphatic quaternary ammonium, phos- 
phonlum, and sulfonium compounds, in whidi the aliphatic radicals can 
be straight chain or branched, and wherein one of the aliphatic 
substituents contains from about 8 to 18 carbon atoms and one contains 
10 an anionic water-solubilizing group, e.g., carboxy. sulfonate, sulfate, 
phosphate, or phosphonate. A general formula for these compounds is: 
(R3), 

R2 ~ Y^"*") — CH2 — R4 — Z^'^ 

15 wherein R2 contains an alky!, alkenyl, or hydroxy alkyI radical of from 
about 8 to about 18 carbon atoms, from 0 to about 10 ethylene oxide 
moieties and from 0 to 1 glyceryl moiety; Y is selected from the group 
consisting of nitrogen, phosphoms, and sulfur atoms; R3 Is an alkyI or 
monohydroxyalkyl group containing 1 to about 3 carbon atoms; x is 1 

20 when Y is sulfur or phosphorus, 1 or 2 when Y is nitrogen; R4 is an 
alkylene or hydroxyalkylene of from 1 to about 4 carbon atoms and Z is a 
radical selected from the group consisting of carboxylate, sulfonate, 
sulfate, phosphonate, and phosphate groups. Classes of zwitterionlcs 
include alkyI amino sulfonates, alkyI betaines, and alkyI amido betaines. 

25 Cationic surfactants useful in compositions of the present 

invention contain amino or quaternary ammonium hydrophilic moieties 
which are positively charged when dissolved in the aqueous composition 
of the present invention. Cationic surfactants among those useful herein 
are disclosed in the following docunents, all incorporated by reference 

30 herein: M. 0. Publishing Co., McCutcheon's, Detergents & Emuislfiers, 
(North American edition 1979); Schwartz, et al.. Surface Active Agents, 
Their Chemistry and Technoiogy, New York: Interscience Publishers, 
1949; U.S. Pat No. 3.155.591, Hilfer. issued Nov. 3, 1964; U.S. Pat. No. 
3,929.678, Laughlin, et al., issued Dec. 30. 1975; U.S. Pat. No. 

35 3,959,461, Bailey, et al., issued May 25, 1976; and U.S. Pat No. 
4,387,090, Bolich, Jr., issued June 7, 1983. 
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Among the quaternary ammonium-containing cationic surfactant 
materials useful herein are those of the general formula: 
R1 R3 



R2 R4 

wherein Ri Is an aliphatic group of from 1 to 22 carbon atoms, or an 
aromatic, aryl or alkylaryl group having from 12 to 22 carbon atoms; R2 
is an aliphatic group having from 1 to 22 carbon atoms; R3 and R4 are 

10 each alkyi groups having firom 1 to 3 carbon atoms, and X is an anion 
selected from halogen, acetate, phosphate, nitrate and alkytsulfate 
radicals. The aliphatic groups may contain, In addition to carison and 
hydrogen atoms, ether linkages, and other groups such as amido groups. 
Other quaternary ammonium salts useful herein are diquatemary 

IS ammonium salts. 

Salts of primary, secondary and tertiary fatty amines are also 
suitable cationic surfactants for use herein. The alkyI groups of such 
amines preferably have from 12 to 22 cartoon atoms, and may be 
substituted or unsubstituted. Secondary and tertiary amines are 

20 prefenred. tertiary amines are particularly preferred. Such amines, useful 
herein, include stearamido propyl dimethyl amine, diethyl amino ethyl 
stearamide, dimethyl stearamine, dimethyl soyamine, soyamine, myristyl 
amine, tridecyl amine, ethyl stearylamine, N-tailowpropane diamine, 
ethoxylated (5 moles E.O.) stearylamine, dihydroxy ethyl stearylamine, 

25 and arachidylbehenyiamine. Cationic amine surfactants included among 
ttiose useful in the present invention are disclosed in U.S. Pat. No. 
4,275,055. Nachtigal. et al.. issued June 23, 1981 (Incorporated by 
reference herein). 

Suitable cationic surfactant salts include the halogen, acetate. 

30 phosphate, nitrate, citrate, lactate and alkyI sulfate salts. 

Nonionic suriiactants can also be included in the compositions 
hereof. Preferably, the nonionic surfactants have an average HLB 
(i-lydrophile-Lipophile Balance) of less than or equal to about 7. 

Methods of determining HLB are well known in the art and any of 

35 such methods may be used for HLB determination. A description of the 
HLB System and methods for HLB detemiination are described in 'The 
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HLB System: a time saving guide to emulsifier selection, " ICI Americas 
Inc.; Wilmington, Delaware; 1976. 

Nonlonic surfactants include polyethylene oxide condensates of 
alkyi phenols (preferably Cq-C-\2 alkyi, with a degree of ethoxylation of 
5 about 1 to about 6), condensation products of ethylene oxide with the 
reaction product of propylene oxide and ethylene diamine, condensation 
products of aliphatic alcohols with ethylene oxide, long chain (i.e., 
typically C12-C22) tertiary amine oxides, long chain tertiary phosphine 
oxides, dialkyi sulfoxides containing one long chain alkyi or hydroxy alkyi 
10 radical and one short chain (preferably C1-C3) radical, silicone 
copolyols, and C-\-C4 alkanol amides of acids having a C8-C22 acyl 
moiety. 

Ionic strength Modifier System 

Optionally, the compositions of the present invention can contain 

15 an effective amount of a non-surface active ionic strength modifier 
system for reducing the viscosity of the hair spray composition. When 
used, the ionic strength modifiers will be present in the present composi- 
tions at a level of at least about 0.01%, by weight of the composition. 
The upper limit is dependent upon the maximum amount of the ionic 

20 sliBngth modifiers that can be present in the particular compositions 
hereof such that the hair setting resin remains solubilized or dispersed. 
As will be understood by those skilled In the art, as the Ionic strength of 
the composition Is Increased, the resin will eventually fall out of solution, 
or othenvise no longer remain solubilized or dispersed in the polar liquid 

25 carrier. The upper limit of the ionic strength modifier system level will 
vary depending upon the particular ionic strength modifiers, liquid 
vehicle, resin, and other Ingredients present in the composition. Thus, 
for example, the maximum amount of the ionic strength modifiers that can 
be used will tend to be lower for compositions with liquid vehicles 

30 containing less water, compared to compositions with more water. 
Generally, the compositions will comprise stooiA 4%, by weight, or less of 
the ionic strength modifiers, more generally about 2% or less, and 
typically about 1% or less. Preferably, the compositions hereof will 
comprise from about 0.01% to about 0.5%, more preferably from about 

35 0.01 % to about 0. 1 %, of the ionic strength modifier system. 

The ionic strengtti modifier system comprises a mixture of 
monomeric cations and anions. The ions of the ionic strength modifier 
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system hereof are non-surface active, i.e. they do not significantly reduce 
surface tension. For purposes hereof, non-surface active shall mean the 
Ions, which at a 0.5% aqueous solution concentration, reduce surface 
tension by no more than 5.0 dynes/cm2. Generally, the ions of the ionic 
5 Strength modifier system hereof will be characterized by having, at 
maximum, four or less carbon atoms per charge, preferably two or less 
carbon atoms, in any aliphatic chain or straight or branched chain 
orgEffiic heterochain. 

The ionic strength modifier system comprises monomeric Ions of 

10 the type which are products of add-base reactions. Thus;, basic and 
acidic ions OH" and H* do not constitute part of the Ionic strength 
modifier system hereof, although they may be present in the composition. 
The ions hereof are incorporated into the composition in a fomi such that 
they can exist in the composition as free ions, i.e., In dissociated form. It 

IS is not necessary that all of the ions added exist In the composition as 
free Ions, but must be at least partially soluble or dissociated in the 
composition. The ionic strength modifiers can be incorporated into the 
hair styling compositions, for example, by addition of soluble salts, or by 
addition of mixtures of acids and bases, or by a combination thereof. It is 

20 a necessary aspect of the invention that both anions and cations of the 
ionic strength modifier system be Included in the composition. 

Suitable cations for use Include, for example, alkali metals, such 
as lithium, sodium, and potassium, and alkaline-earth metals, such as 
magnesium, calcium, and strontium. Preferred of the divalent cations is 

25 magnesium. Preferred monovalent metal ions are lithium, sodium, and 
potassium, particularly sodium and potassium. Suitable means of 
addition to the compositions hereof include, for example, addition as 
bases, e.g., hydroxides, sodium hydroxide and potassium hydroxide, and 
such as salts that are soluble in the liquid carrier, e.g. salts of monomeric 

30 anions such as those described below. 

Other suitable cations include organic ions, such as quaternary 
ammonium ions and cationic amines, such as ammonium mono-, di-, aid 
tri-ethanolamines, triethylamine, morpholine, aminomethylpropanol 
(AMP), aminoethylpropanediol, etc. Ammonium and the amines are 

35 preferably provided in the fomis of salts, such as hydrochloride salts. 

Monomeric anions that can be used include halogen ions, such as 
chloride, fluoride, bromide, and iodide, particularly chloride, sulfate, ethyl 
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sulfate, methyl sultete, cyclohexyl sulfamate, thiosulfate, toluene 
sulfonate, xylene sulfonate, citrate, nitrate, bicarbonate, adlpate, 
succinate, saccharinate, benzoate, lactate, borate, isethionate, tartrate, 
and other monomeric anions that can exist in dissociated form in the hair 
S styling composition. The anions can be added to the compositions 
hereof, for example, in the fonn of acids or salts which are at least 
partially soluble in the liquid vehicle, e.g., sodium or potassium salts of 
acetate, citrate, nitrate, chloride, sulfate, etc. Preferably, such salts are 
entirely soluble in the vehicle. 

10 The use of ionic strength modifiers are especially useful in 

reduced volatile organic solvent compositions, most especially those 
utilizing silicone macromer-containing polymers. 

Hair Styling Compositions 
The present invention encompasses a wide variety of hair styling 

15 compositions, including hair spray compositions, mousses, and hair 
setting tonics. In general, the compositions will be flowable, low viscosity 
compositions that, preferably, are suitable for spray application. Higher 
viscosify compositions are also contemplated, however. 

Hair spray compositions and mousses of the present invention 

20 can be dispensed from containers which are aerosol dispensers or pump 
spray dispensers. Such dispensers, i.e., containers, are well known to 
those skilled in the art and are commercially available from a variety of 
manufacturers, including American National Can Corp. and Continental 
Can Corp. 

25 When the hair spray compositions are to be dispensed fi^om a 

pressurized aerosol container, a propellent which consists of one or 
more of the conventionally-known aerosol propellents may be used to 
propel the compositions. A suitable propellent for use can be generally 
any liquifiable gas conventionally used for aerosol containers. 

30 Suitable propellents for use are volatile hydrocarbon propellents 

which can indude liquified lower hydrocarbons of 3 to 4 carbon atoms 
such as propane, butane and isobutane. Other suitable propellents are 
hydrofluorocarbons such as 1,2-difluoroethane (Hydrofluorocarbon 
152A) supplied as Dymel 152A by DuPont. Other examples of 

35 propellents are dimethylether, nitrogen, carton dioxide, nitrous oxide and 
atmospheric gas. 
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The hydrocarbons, particularly isobutane, used singly or admixed 
with other hydrocarbons are preferred. 

The aerosol propellant may be mixed with the present compo- 
sitions and the amount of propellant to be mixed is governed by nonnal 
5 factors well known In the aerosol art. Generally, for liquifiabie 
propellents, the level of propellant Is from about 10% to about 60% by 
weight of the total composition, preferably from about 15% to about 50% 
by weight of the total composition. 

Alternatively, pressurized aerosol dispensers can be used where 
10 the propellant is separated from contact with the hair spray composition 
such as a two compartment can of the type sold under the tradename 
SEPRO from American National Can Corp. 

Other suitable aerosol dispensers are those characterized by the 
propellant being compressed air which can be filled into the dispenser by 
15 means of a pump or equivalent device prior to use. Such dispensers are 
described in U.S. Patents 4,077,441, March 7, 1978, Olofsson and 
4,850,577, July 25, 1989, TerStege, both incorporated by reference 
herein, and in U.S. Serial No. 07/839,648. Gosselin at al., filed Febmary 
21, 1992. also incoq3orated by reference herein. Compressed air 
20 aerosol containers suitable for use are also currently marketed by The 
Procter & Gamble Company under their tradename VIDAL SASSOON 
AIRSPRAY® hair sprays. 

Conventional non-aerosol pump spray dispensers, i.e., atomizers, 
can also be used. 

25 Other hair styling compositions include tonics and lotions, which 

are typically dispensed in a conventional bottle or tube, and applied 
directly to the hair or first dispensed to the hand and then to the hair. 

The hair styling formulations of the present invention can 
optionally contain conventional hair care composition adjuvants. 

30 Generally, adjuvants collectively can comprise from about 0.05% to 
about 5% by weight and preferably from about 0.1% to about 3%, by 
weight. Such conventional optional adjuvants are well known to those 
skilled in the art and include in addition to those discussed above, emol- 
lients; lubricants and penetrants such as various lanolin compounds; 

35 protein hydrolysates and oUier protein derivatives; ethylene adducts and 
polyoxyethylene cholesterol; dyes, tints, bleaches, reducing agents and 
other colorants; pH adjusting agents sunscreens; preservatives; 
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thickening agents (e.g. polymeric thickeners, such as xanthan gum); and 
perfume. 

METHOD OF MAKING 
Tlie hair styling compositions of the present invention can be 
5 made using conventional formulation and mixing techniques. Preferably, 
a premix of the silicone grafted polymer and the ethanol is made first. If 
ethanol is not to be used in the composition, a premix of the polymer with 
C3 alkanol or water is prepared. The other ingredients can then be 
added with mixing to provide a homogeneous mixture. It the polymer is 
10 neutralized, the neutralizer is preferably added to the premix prior to 
addition of other ingredients. 

METHOD OF USE 
The compositions of the present Invention are used in 
conventional ways to provide the hair styling/holding benefits of the 
15 present invention. Such method generally involves application of an 
effective amount of the product to dry, slightly damp, or wet hair before 
and/or after the hair is arranged to a desired style. The composition is 
then dried or allowed to dry. By "effective amount" is meant an amount 
sufficient to provide the hair hold and style benefits desired considering 
20 the length and texture of the hair. In general, from about 0.5g to about 
30g of product will be applied to the hair, depending upon the particular 
product formulation, dispenser type, length of hair, and type of hair style. 

The following Experimentals and Examples further illustrate 
embodiments within the scope of the present invention. They are given 
25 solely for the purposes of illustration and are not to be construed as 
limitations of the present invention as many variations of the invention 
are possible without departing from its spirit and scope. 

EXPERIMENTALS 
The following synthesis exemplify silicone grafted polymers useful 
30 in the present compositions. 

Experimental 1: Batch synthesis 
Place 20 parts acrylic acid, 60 parts t-l)utyl acrylate, and 20 parts 
polysiloxane (10,000 MW) -containing monomer in a flask. Add sufficient 
ethyl acetate or acetone as the reaction solvent to produce a final 
35 monomer concentration of 20%. Purge the vessel with an inert 
atmosphere, preferably nitrogen or argon. Add initiator, (2,2'-azobis-(2,4- 
dimethylvaleronitrile)) to a level appropriate for the desires molecular 
weight. Typically this is in the range of 0.5% to 1.0% by weight relative to 
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the amount of monomer. Purge the vessel with an inert atmosphere, 
preferably nitrogen or argon. Heat to 60°C and maintain this temperature 
for 48 hours while agitating. Terminate the reaction by cooling to room 
temperature. The polymer is purified by drying off the reaction solvent in 
S an oven, or if acetone is used as the solvent precipitating the polymer, by 
adding water and then drying the precipitate. 

Experimental 2: Semi-continuous synthesis 
Place 20 parts acrylic add, 60 parts t-butyl acrylate. and 30 parts 
polysiloxane (10,000 MW) -containing monomer in a flask. Add 300 

10 parts ethyl acetate or acetone as the reaction solvent to produce a final 
monomer concentration of 20%. Purge the vessel with an inert 
atmosphere, e.g. nitrogen or argon. Add initiator, (2,2'-azobis-(2,4- 
dimethylvaleronitrile)) as in Experimental 1 . Heat to 60°C and maintain 
this temperature. After polymerization of these monomers has proceeded 

IS about 15 minutes to about 1 hour. e.g. about 30 minutes, add a second 
monomer change of 20 parts acrylic acid and 60 parts t-butyl acrylate, to 
give a final total monomer charge of approximately 40% by weight. 
Maintain at temperature for 48 hours. Temninate the reaction and purify 
the polymer as in Experimental 1. 

20 EXAMPLES 

^x^mpi?? 1-^ 

The following examples represent nonaerosol hairspray 
compositions of the present invention. 
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3 


4 


5 


6 


Silicone Grafted Poiymerl 


4.00 


4.00 


4.50 


4.50 


4.50 


4.50 


isododecane^ 


3.00 


3.00 


3.00 


3.00 


5.00 


S.00 


Acetyl triethyidtrateS 


0.20 




0.22 








Dilsopropyl butyl adipate 








0.22 


0.32 






0.40 


0.40 


OAS 


0.45 


0.44 


0.44 


Perfume 


0.10 


0.10 


0.20 


0.20 


0.20 


0.20 


Water 


16.00 


16.10 


7.00 


7.00 


15.54 


15.86 


Ethanol^ 


75.30 


75.50 


84.62 


84.63 


74.00 


74.00 



1 60% t-butyl acrylate/20% acrylic acidy20% silicone macromer (weigiit average 
molecular weight of silicone macromer of about 10,000), having a weight average 
molecular weight of about 150,000. 
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2 PERMETHYL 99A. from Presperse. Inc.. South Plainfield, NJ. USA. 

3 CITROFLEX A-2. from Morflex. Inc.. Greensboro, NC. USA. 
4sDA40(100%ethanoO. 



5 Examples 7-10 

The following examples represent aerosol halrspray compositions 
of tiie present invention. 





Component 




Examole No. 




10 


fwt.%> 


-Z_ 




_9_ 


_io_ 




Silicone Grafted Polymer'' 


3,50 


3.50 


3.50 


3.50 




Isododecane^ 


3.00 


3.00 


3.00 


3.00 




Acetyl triethyl citrate3 


0.18 


0.18 








Diisopropyl butyl adipate 








0.18 


15 


PotassiLNfT) hydroxide 


0.33 


0.33 


0.33 


0.33 




Perfume 


0.10 


0.10 


0.10 


0.10 




Water 


5.00 


20.98 


5.00 


5.00 




EthanoK 


64.89 


64.89 


65.07 


64.89 




Propellant-lsobutane 


7.02 


7.02 


7.02 


7.02 


20 


Propellant-Hydrofluorocarbon 152a 


15.98 




15.98 


15.98 



'I 60% t-butyl acrylate/20% acrylic acid/20% silicone macromer (weight 
average molecular weight of silicone macromer of about 10,000), having 
a weight average molecular weight of about 150,000. 
25 2 PERMETHYL 99A, from Presperse, Inc., South Plainfield, NJ, USA. 
3 CITROFLEX A-2. from Morflex, Inc., Greensboro. NC. USA. 
4SDA40(100%ethanol). 

In Examples 1-10, the compositions are prepared as described 
30 above, by first preparing a polymer premix with the ethanol, neutralizing 
the polymer with the potassium hydroxide (added as a 45% aqueous 
solution), then adding sequentially (as applicable) with mixing, water, 
isododecane, plasticizer, and perfume. Propeliants for aerosol 
compositions are charged to conventional aerosol containers after the 
35 remainder of the prepared composition has been added. 
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EXAMPLE 11 

A hair spray c»mposition, of the present invention, which is 
suitable for use in pump spray dispensers, is prepared as follows: 



1 60% t-butyl acrylate/20% acrylic acid/20% silicone macromer 
weight average mw=1 0,000, having a weight average molecular weight 
of about 690,000. 

IS 2 Potassium hydroxide solution, containing 45% potassium 
hydroxide and 55% water and minors, supplied by Fisher Scientific. 

3 Double reverse osmosis water 

4 Fluorad FC-109'^ supplied by 3M containing 25% potassium 
fluoroall^l carboxylates (an anionic fluorosurfactant), 12% propanol, 2% 

20 ethanol and 61 % water and minors. 

The hair spray fonnuiation of Example II Is prepared by preparing 
a premix of the resin in isopropanol. The isopropanol premix is added to 
the ethanol and then neutralized with the potassium hydroxide solution. 
Then, a premix of the fluorosurfactants and water is prepared and added 
25 to the neutralized premix. Isododecane is then added. Other adjuvants, 
such as fragrerK:es, may then be added. A magnetic or air driven stirrer 
is used to mix the ingredients until the resin is dissolved. 

EXAMPLE 12 

A hair spray composition, of the present invention, which is 
30 suitable for use in pump spray dispensers, is prepared as follows: 



10 



5 



Ingredient 
Ethanol, 200 proof 
Isopropanol 

Silicone Grafter Polymer^ 

KOH (45%)2 

DR0Water3 

Isododecane 

Fluorad FC-IO9R (25%)4 



Weioht % 
75.92% 
10.00% 
3.00% 
0.88% 
7.00% 
3.00% 
0.20% 



Ingredient 
Ethanol, 200 proof 
Silicone Grafter Polymer^ 



Weioht % 
84.45% 
3.00% 
0.88% 
7.00% 
5.00% 
0.11% 



35 



KOH (45%) 
DRO Water 
Isododecane 



ZonylFSKR(47%)2 
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1 60% t-butyl acryiate/20% acrylic acicl/20% silicone macromer 
weight average mw=1 0,000, having a weight average molecular weight 
of about 690,000. 

2 Zonyl FSK^ containing 47% fluorosurfactants conforming to the 
5 formula RfCH2CH(OCOCH3)CH2N"^(CH3)2CH2C0.2 wherein 

fy'F(CF2CF2)3-8 and 53% Acetic Acid and minors, having a zwitterionic 
character, supplied by DuPont. 

This composition is prepared as in Example 1 1 . 

EXAIVIPLE 13 

10 A hair spray composition, of the present invention, which is 

suitable for use in pump spray dispensers, is prepared as follows: 



Ingredient Weight % 

Ethanol, 200 proof 76. 1 0% 

Isopropanol 10.40% 

15 Silicone Grafter Polymer*! 2.60% 

KOH (45%) 0.75% 

DRO Water 7.00% 

IsoparTMH (Exxon Chemical)2 3.00% 

Fluorad FC-120R (25%)3 o.10% 

20 Zonyl FSK (47%) 0.05% 



1 60% t-butyl acryiate 720% acrylic acid/20% silicone macromer 
weight average mw=1 0,000, having a weight average molecular weight 
of about 800,000. 

2 Isopar TM h is a Ci -j _i 2 Isoparaffin 

25 3 Fluorad FC-I20R supplied by 3M, having an anionic character 
and containing 25% mixed ammonium perfluoroalkyi sulfonates, 37.5% 
ethanol, and 37.5% water and minors. 

This composition is prepared as in Example 11, substituting Isopar 
H for Isododecane during processing. 
30 EXAMPLE 14 

A hair spray composition, of the present invention, which is 
suitable for use in pump spray dispensers, is prepared as follows: 



Ingredient Weight % 

Ethanol, 200 proof 75.86% 

Isopropanol 10.40% 

Silicone Grafted Polymer^ 2.60% 
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KOH (45%) 0.69% 

DRO Water 7.00% 

Isopar l (Exxon Chemical)2 3.00% 

Fluorad FC-120R (25%) , 0.40% 

5 Zonyl FSKR (47%) 0.05% 



1 60% t-butyl acrylate /20% acrylic acicl/20% silicone macromer 
weiglit average mw^l 0.000, iiaving a weight average molecular weight 
of about 1.700.000. 

2 Isopar TM L is a Ci i .i 3 Isoparaffin 

10 This composition is prepared as in Example 1 3. 

EXAMPLE 15 

A hair spray composition, of the present invention, which is 
suitable for use in pump spray dispensers, is prepared as follows: 



Inoredient Weight % 

15 Ethanol, 200 proof 86.55% 

Silicone Grafted Polymer^ 2.60% 

KOH (45%) 0.75% 

DRO Water 7.00% 

Isopar ^ M(Exxon Chemical)^ 3.00% 

20 Fluorad FC-1 35^ (50%)3 0. 1 0% 



1 60% t-butyl acrylate/20% acrylic acid/20% silicone macromer 
weight average mws20,000, having a weight average molecular weight 
of about 800,000. 

2 Isopar TM m is a Ci 3-1 4 Isoparaffin 

25 3 Fluorad FC-135'^ supplied by 3M, having anionic character and 
containing 26% mixed ammonium perfluoroalkyl sulfonates, 37.5% 
ethanol and 37.5% water and minors. 

This composition is prepared as in Example 13. 
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What is claimed is: 

1. A Hair styling composition characterized in that it comprises: 

(a) from 0.1% to 15%, by weight, of a silicone grafted adhesive polymer, 
said polymer being characterized by an organic polymeric backbone 
having silicone macromers grafted to said backbone; 

(b) from 0.5% to 15%, by weight, of a hydrocarbon solvent selected from 
the group consisting of 010-014 branched chain hydrocarbons, and 
mixtures thereof having a boiling point of from lOS^C to 260°C; 

(c) a polar solvent phase comprising from 80% to 98.9%, by weight of the 
composition, of a polar solvent selected from the group consisting of 
water and C2-C3 monohydric alcohols, and mixtures thereof, wherein 
said composition contains no more than 15%, by weight, of C3 
monohydric alcohol; 

wherein said organic polymer backbone is soluble in said polar solvent phase, and 
said silicone macromers of said hair setting polymer are soluble in said 
hydrocarbon solvent and insoluble in said polar solvent. 

2. A hair styling composition as In Claim 1, wherein said composition 
comprises: 

(a) from 0.5% to 8%, by weight, of said silicone grafted polymer. 

(b) from 1% to 10%, by weight, of said hydrocartson solvent; 

(c) from 85% to 98%, t>y weight, of said polar solvent, wherein said 
composition contains no more than 12%, by weight, of C3 monohydric 
alcohol. 

3. A hair styling composition as in Claim 1, v^ierein said composition 
comprises: 

(a) from 1 % to 8%, by weight, of said silicone grafted polymer; 

(b) from 2% to 8%, by weight, of said hydrocarbon solvent; 

(c) from 80% to 98.9%, by weight, of said polar solvent, wherein said 
composition contains no more than 12%. by weight, of C3 monohydric 
alcohol and said composition contains at least 10%, by weight, of 
water and no more than 80%, by weight, of volatile organic 
compounds. 

4. A hair styling composition as in Claim 1. 2. or 3, wherein said silicone 
grafted polymer comprises from 50% to 99%, preferably from 75% to 95%, by 
weight of non-silicone macromer-containing monomer units and from 1% to 50%, 
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preferably from 29% to 25%, by weight of silicone macromer-containing monomer 
units. 

5. A hair styling composition as in Claim 4, wherein said silicone grafted 
polymer comprises from 1 % to 99%, preferably from 1 5% to 40%, by weight, of 
hydrophilic monomer laiits and from 0% to 99%, preferably from 15% to 80%, by 
weight, of hydrophobic monomer units. 

6. A hair styling composition as in Claim 5, wherein said hydrophilic 
monomer units are selected from the group consisting of acrylic acid, N,N-dimethyl 
acrylamide, dimethylaminoethyi methacrylate, quatemized dimethyl aminoethyl 
methacrylate, vinyl pyrrolidone, salts of adds and amines thereof, and mixtures 
thereof. 

7. A hair styling composition as in Claim 6, wherein said hydrophobic 
monomer units are selected from the group consisting of n-butyl methacrylate, 
Isobutyl methacrylate, t-butyl acrylate, t-butyl methacrylate, 2-ethylhexyl 
methacrylate, methyl methacrylate, and mixtures thereof, preferably selected from 
the group consisting of t-butyl acrylate, t-butyl methacrylate, and mixtures thereof. 

8. A hair styling composition as in Claim 1, 2, 3, 4, 5, 6, or 7, wherein said 
hydrocarbon solvent is selected from the group consisting of saturated C11-C13 
branched chain hydrocarbons, preferably isododecane. 

9. A hair styling composition as in Claim 1, 2, 3, 4, 5, 6. 7. or 8, wherein said 
composition further comprises a plasticlzer selected from the group consisting of 
acetyl tri-C2-C8alkyl citrates, and mixtures thereof, preferably acetyl triethyl citrate. 

10. A hair spray composition comprising a composition as in Claim 1, 2, 3, 4, 
5, 6, 7, 8, Or 9, disposed within a hair spray dispenser. 



INTERNATIONAL SEARCH REPORT 



PCT/US 94/08031 



OF SUBJECT MATTER 



Patent Caaaificalion (tPQ or to both national daaafication and IP 



B. FIELDS SEAKCHED 



ie data bM eonHlM duhng die in 



C. DOCUMENTS OON5IDBRBD TO BE RELBVAWT 



Category* Qtiiioa of doeinM Witt iiidieriiai, where «pn|aina.tf 



EP.A.O 408 311 (MITSUBISHI) 16 January 
1991 

dted In the application 

WO, A. 93 03704 (PROCTER & GAMBLE) 4 March 
1993 

see the whole document 



□ 



Farther documents arc listed in the conlinualiOB of bn C 



[X] fmoAbnaym 



' Special caiegoncs of dted documeott : 
■ to iw of pan^ar rel 




'X' document of particular relevaiKCith 



roents, such combination being obvious to a peison tkilled 
document member of the same patent family 



13 October 1994 



26, iaM 



tiling address of Ow ISA 
European Patent Offiee, P.B. S8tS Patadaan 
NL.23IOHVRijswijk 
Td. (-1' 31-7(9 340-2040, Tx. 31 6SI qiO Bl, 
Fax: (-1^31-719340-3016 



Klaver, T 



FMm KT/ISA/ata (noMl HMM) (Mir t*n) 



INTERNATIONAL SEARCH REPORT 



Inter. tai AppUealioa No 

PCT/US 94/08031 



JP-A- 
US-A- 



3128909 
5166276 



31-05-91 
24-11-92 



WO-A-9303704 


04-03-93 


AU-A- 


2502892 


16-03-93 






CA-A- 


2115154 


04-03-93 






EP-A- 


0600008 


08-06-94 






FI-A- 


940771 


18-02-94 



■p/^T WORLD INTELLECTUAL KIOPERTY ORGANIZATION ^^S^ 

•■■ ^ ■■■ Intematiraiat Bureau 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intematkmal F 

A61K mi 



WO 95/32703 

1 1995 (07.12.95) 



dAppUeationNmnlMn 



18 1995 (18.04^3) 



28 May 1994(28.05.94) 



all designated Suaes excqn USh THE WIOC- 
' TER & GAMBLE COMPANY [US/US]; One Procter & 
Gamble Plaza. Cinciimati. OH 45202 (US). 



(72) 

(7^ Inventon/Api^caiits US otOy): CX>OFER, BSzabeth, 
Claire [GB/OB]; 27 Heath Gaidens, Twickenham, Middle- 
sex TWl 4LY (OB). WEIXH, Ro«anaiy, Janue [GB/GB]; 
15 Thomcroft, Englefldd Green, Surrey TW20 OSB (GB). 

(74) Agents: REED, T., David et al.; Hie FroctBr & Oamlde 
Company, 5299 Spring Grove 
45217 (US). 



es: AU, BR, CA, CN, IP, KR, MX, US. 
Euiopean patent (AT, BE, CH, DE, DK, ES, FR, GB, OR, 
IE, rr, LU, MC, NL, PT, SE). 



With intematimal search report. 



(54) Title: HAIR COSMETIC COMPOSmONS 



(57) 



A liquid hair cosmetic composition comprising: (a) fiom about 0.1 % by weight to about 10 % by weight (acid basis) of a silicone- 
Jning polycarboxyllc acid copolymer having a vinyl polymeric baddbone, and having grafted to Ae backbone a silicone^taining 
omer having a weight avemge molecular weight of from about 1,000 to about 50,00(^ (b) a neutralising system consisting essentially 
dium hydroxide present at a level sufficient to neutralise at least about 25 % of ttie add gmxpB on Ae siUcone^nntaining copolymer, 
(c) from 0 % to about 1.0 % 1^ wdgbt of water, and (d) die balance conqnising a carrier suitable tot application to hau-. Hie liquid 
hair cosmetic products hsve inqpiiDved clarity and storage stability and demonstrate endlent hdr soling benefits in addition to hair fieel 
attributes and case of removal and brush out. 



FOR THE PURPOSES OP INFORMAnON ONLY 



Codes used to Identify States pai^ to fbe PCT on die front pages of] 
applications under the FCT. 




wo 95/32703 



PCT/DS95/04756 



HAIR COSMETIC COMPOSITIONS 



Technical Field 

The present invention relates to hair cosmetic compositions. More 
particularly, this invention relates to liquid hair cosmetic compositions 
containing silicone-grafted hair styling polymers having improved long 
term product stability, hair fieel attributes and ease of removal and brush 
out as well as excellent style retention properties. 

Background Of The Invention 

The desire to have the hair retain a particular shape is widely held. A 
common methodology for accomplishing this is applying hair styling, or 
"setting" compositions to the hair, typically to damp or dry hair. These 
compositions provide temporary setting benefits, and should be removable 
by water and/or by shampooing. The materials used in the compositions 
to provide the setting benefits are generally implied in the form of 
mousses, gels, lotions or sprays. 

High levels of style retention, or hold, are typically expected from hair 
styling compositions applied as a spray. Style retention is typically 
achieved by die use of resins, such as AMPHOMER, supplied by 
National Starch, and GANTREZ SP 225, supplied by GAP. As used in 
commercially sold hairspray products, these resins generally have a 
weight average molecular weight of from about 40,000 to about 150,000. 
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When such resins are incorporated into pump and aerosol hairsprays, they 
can provide suitable style retention attributes. However, such resins are 
found to be deficient in the area of hair feel and can give a stiff hair feel. 

Recently, it has been found that certain neutraiisable polymers having 
silicone macromer portions can provide good style retention benefits to 
the hair while also providing improved hair feel. In other words, such 
silicone macromer-containing polymers can impart a tactile sense of 
softness and conditioning to the hair relative to conventional, non- 
silicone-containing resins without the tacky hair feel traditionally 
associated with non-silicone hair fixative polymers. Silicone macromer- 
containing hair styling polymers and formulations containing them are 
disclosed, for example, in EP-A-0,408,311 A2 issued January 11th 1991, 
Hayama, et al., US-A-5,061,481, issued October 29th 1991, Suzuki et 
al., US-A-5,106,609, Bolich et al., issued April 21st 1992, US-A- 
5,100,658, Bolich et al., issued March 31st 1992, US-A-5, 100,657, 
Ansher-Jackson, et al., issued March 31st 1992 and US-A-5, 104,646, 
Bolich et al., issued April 14th 1992. 

It is well known that at least partial neutralisation of the silicone 
macromer-containing hair styling polymer is necessary to maximise its 
utility in hair styling compositions. Typically, silicone grafted co- 
polymers neutralised with potassium hydroxide exhibit good solubility in 
hairspray compositions containing 15% water. However, potassium 
hydroxide neutralised systems are less soluble in compositions which 
contain lower levels of water and lead to hazy, colloidal systems. 
Moreover, silicone grafted co-polymers which are neutralised with 
organic neutralisers are found to lead to a somewhat tacky hair feel and 
are not easily removed from the hair by washing or brush-out. 

Thus a need exists for hair styling compositions which have a clear 
appearance, deliver effective style retention, impart a hair conditioning 
effect, have a non-sticky hair feel, are easily brushed out and at the same 
time have stable product and viscosity characteristics and remain fully 
stable under long term and stressed temperature storage. 



Summary of the Invention 
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According to one aspect of the invention, there is provided a liquid hair 
cosmetic composition comprising: - 

(a) from about 0. 1 % by weight to about 10% by weight (acid basis) of 
a silicone-containing polycarboxylic acid copolymer having a vinyl 
polymeric backbone, and having grafted to the backbone a silicone- 
contaning macromer having a weight average molecular weight of 
from about 1,000 to about 50,000; 

(b) a neutralising system consisting essentially of sodium hydroxide 
present at a level sufficient to neutralise at least about 25% of the 
acid groups on the silicone-containing copolymer; 

(c) from 0% to about 1 .0% by weight of water; and 

(d) the balance comprising a carrier suitable for application to hair. 

The essential, as well as the optional, components of the present invention 
are described below. All levels and ratios are on a weight basis unless 
otherwise specified. 

The compositions of the present invention contain from about 0. 1 % to 
about 10.0%, preferably from about 0.5% to about 8.0% and especially 
from about 1% to about 6% of specifically defined silicone-containing 
copolymers. It is these polymers which provide the unique hair 
conditioning and hair setting characteristics of the present invention. The 
polymers preferably have a weight average molecular weight of from 
about 10,000 to about 1,000,000, preferably from about 30,000 to about 
300,000, most preferably from about 90,000 to about 300,000 and, 
preferably, have a Tg of at least about -20*0. As used herein, the 
abbreviation "Tg" refers to the glass transition temperature of the non- 
silicone backbone, and the abbreviation "Tm" refers to the crystalline 
melting point of the non-silicone backbone, if such a transition exists for a 
given polymer. 
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The molecular weights and molecular weight distributions of the polymers 
utilised in the compositions according to the present invention are 
determined by Size Exclusion Chromatography (SEC). In practise, 
polymers comprise a distribution of molecular weight species that gives 
rise to their unique properties. Separation of the molecules is 
accomplished by Size Exclusion Chromatography (SEC) using a 
crosslinlred polystyrene -divinylbenzene colunm (MW range = 100 - 10*7) 
with a differential refractive index detector and a differential viscometer. 
A universal calibrationn curve is prepared from monodispersed 
polystyrene standards of known molecular weight (MW) and molecular 
weight distribution (MWD). MW and MWD of the given polymer are 
determined based on concentration and viscosity responses relative to the 
calibration. 

Preferred polymers comprise a vinyl polymeric backbone, preferably 
having a Tg above about -20''C and, grafted to the backbone, a silicone- 
containing macromer having a weight average molecular weight of from 
about 1,000 to about 50,000, preferably from about 5,000 to about 
40,000, most preferably from about 10,000 to about 20,000. The 
polymer is such that when it is formulated into the finished hair care 
composition, when dried, the polymer phase separates into a 
discontinuous phase which includes the silicone containing macromer and 
a continuous phase which includes the backbone. It is believed that this 
phase separation property provides a specific orientation of the polymer 
on hair which results in the desired hair conditioning and setting benefits. 

In its broadest aspect, the copolymers utilized in the present application 
comprise a silicone-containing monomer (hereafter identified as Q 
together with a hydrophilic carboxylate-containing monomer (B) and 
optionally a lipophilic monomer (A). 

Examples of useful copolymers and their preparation are described in 
detail in US-A-4,693,935, Mazurek, issued September 15th 1987, and 
US-A-4,728,571, Clemens et al., issued March 1st 1988. These 
copolymers comprise monomers A,B and C as defined above. In 
preferred embodiments, A comprises at least one free radically 
polymerizable vinyl monomer or monomers and B comprises at least one 
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reinforcing monomer copolymerizable with A and selected from the group 
consisting of carboxylate-containing monomers and macromers having a 
Tg or a Tm above about -20°C. B can be up to about 98%, preferably up 
to about 80%, more preferably up to about 30%, of the total monomers in 
the copolymer. Monomer C comprises from about 0.1 % to about 50.0% 
of the total monomers in the copolymer. 

Representative examples of A (hydrophobic) monomers are the acrylic or 
methacrylic acid esters of Ci-Cig alcohols, such as methanol, ethanol, 
methoxy ethanol, 1-propanol, 2-propanol, 1-butanol, 2-methyl-l-pr(^anol, 
1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-l-butanol, 1-methyl-l- 
butanol, 3-methyl-l-butanol, 1-methyl-l-pentanoI, 2-methyl-l-pentanol, 3- 
methyl-l-pentanol, t-butanol (2-methyl-l-propanol), cyclohexanol, 
neodecanol, 2-ethyl- 1-butanol, 3-heptanoI, benzyl alcohol, 2-octanol, 6- 
methyl-l-heptanol, 2-ethyl- 1-hexanol, 3.5-dimethyl-l-hexanol, 3,5,5-tri- 
methyl-l-hexanol, 1-decanol, 1-dodecanol, 1-hexadecanol, 1-octadecanol, 
and the like, the alcohols having from about 1-18 carbon atoms with the 
average number of carbon atoms being from about 4-12; styrene; 
polystyrene macromer; vinyl acetate; vinyl chloride; vinylidene chloride; 
vinyl propionate; alpha-methylstyrene; t-butylstyrene; butadiene; 
cyclohexadiene; ethylene; propylene; vinyl toluene; and mixtures thereof. 
Preferred A monomers include n-butyl methacrylate, isobutyl 
methacrylate, 2-ethylhexyl methacrylate, methyl methacrylate, t- 
butylacrylate, t-butylmethacrylate, and mixtures thereof. 

Representative examples of B (hydrophilic) neutralisable monomers 
containing a carboxyl moiety include acrylic acid, methacrylic acid, 
maleic acid, maleic anhydride, half esters of maleic anhydride, crotonic 
acid, and itaconic acid. Preferred B monomers include acrylic acid and 
methacrylic acid and mixtures thereof. 

The C monomer preferably has the general formula (I): 
X(Y)nSi(R)3^Z„ 

wherein X is a vinyl group copolymeri2able with the A and B monomers; 
Y is a divalent linking group; R is hydrogen, C1-C4 alkyl, aryl, alkyl 
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amino, tri(Ci-C4 alkyl)siloxy or C1-C4 alkoxy; Z is a monovalent 
siloxane polymeric moiety; n is 0 or 1; and m is an integer from 1 to 3. 
C has a number average molecular weight of, at least 500, preferably 
from 1,000 to 50,000. Preferably, the C monomer is selected from one 
or more monomers having the general formulae (II to VII): 

0 

II 

X-C-0-(CH2)q-(0)p-Si(R4)3_j„Zj„ (II) 



X-Si(R4)3^Z„ (III, 
X-( O) - <CH2) q- (O) p-Si (R*) g^Z^ (iv) 



" HOR.. 
X-C-0-(CH2)2-N-C-M-<^Q) -Si(R4) 3_^Z„ (V) 

0 OH R' • 

1 I I 

X-C-0-CH2-CH-CH2-N-(CH2)q-Si(R*)3_^Zn (^1) 
O HOR" 

II I II I 

X-C-0-(CH2) 2-N-C-N-(CH2)q-Si(R4) ^^j^Zj^ (V") 

In these structures, m is 1, 2 or 3 (preferably m = 1); p is 0 or i; R" 
alkyl or hydrogen; q is an integer from 2 to 6; X is 
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CH= C 



(VIII) 



r1 is hydrogen or -COOH (preferably R1 is hydrogen); r2 is hydrogen, 
methyl or -CH2C(X>H (preferably R2 is methyl); Z is 



r4 is alkyl, alkoxy, alkylamino, aryl, or hydroxyl (preferably R^ is 
alkyl); and r is an integer from 5 to 700, preferably from 50 to 500, more 
preferably from 150 to 300. Of the above, formula n is preferred, 
particularly when p = 0 and q = 3. 

The polymers utilized herein generally comprise from 0% to about 98% 
(preferably from about 5% to about 92%, more preferably from about 
50% to about 90%) of monomer A, from about 1% to about 98% 
(preferably from about 7.5% to about 80%) of monomer B, and from 
about 0.1 % to about 50% (preferably from about 0.5% to about 40% , 
most preferably from about 2% to about 25%) of monomer C. The 
combination of the A and B monomers preferably comprises from about 
50.0% to about 99.9% (more preferably about 60% to about 99.5%, most 
preferably from about 75% to about 98%) of the polymer. 

Preferred silicone-containing copolymers for use herein are selected from: 

acrylic acid/n-butylmethacrylate/polydimethylsiloxane (PDMS) 
macromer-20,000 molecular weight (mw) (10/70/20 w/w/w) 

acrylic acid/isobutyl methacrylate/FDMS macromer - 20,000 mw 
(20/60/20 w/w/w) 




(IX) 



acrylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 



wo 95/32703 



PCT/US95/04756 



t-butylacrylate(tBA)/acrylic acid(AA)/PDMS macromer - lO.OCX) mw 
(60/20/20) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,000 mw 
(25/65/15); 

acrylic acid/methoxyethyl methacrylate/PDMS macromer 20,000 mw 
(60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 

The silicone-containing copolymers described above can be synthesized 
by free radical polymerization of silicone- or polysiloxane-containing 
monomers with non-silicone- or non-polysiloxane-containing monomers. 
The general principles of free radical polymerization methods are well 
understood. See, for example, Odian, "Principles of Polymerization", 2nd 
edition, John Wiley & Sons, 1981, pp. 179 - 318. 

In compositions according to the invention it can be desirable to purify the 
silicone containing copolymer by removing unreacted silicone-containing 
monomer and silicone macromer-grafted polymer with viscosities at 25 ®C 
of about 10,000,000 centistokes and less. This can be done, for example, 
by hexane extraction. After drying the resin from its reaction solvent, 
hexane extraction of the reaction product can be performed by adding an 
excess of hexane to the reaction product and heating to near the Tg of the 
non-silicone portion of the polymer. The mixture is held at this 
temperature with stirring for about 30 minutes and cooled to room 
temperature. The hexane is removed by vacuum suction. Two more 
hexane extraction cycles are preferably conducted in the same manner as 
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above. After the third cycle, residual hexane remaining with the product 
is removed by distillation and vacuum drying. 

Low molecular weight polysiloxane-containing monomer and polymer is 
solubilized by supercritical carbon dioxide and transported away from the 
remaining polymer via a transfer line, which is maintained at identical 
temperature and pressure as the extraction vessel. The extracted 
materials are collected in an extraction vessel. Following extraction, the 
system is depressurised and dry, extracted polymer is recovered from the 
extraction vessel. 

The hair styling polymers herem are utilised in at least partially 
neutralised form in order to aid shampoo removability of the liquid hair 
cosmetic compositions. The present development relates to the 
neutralisation of a hair fixative polymer (eg silicone grafted tBA/AA 
copolymer) with a neutralisation system consistmg essentially of a specific 
inorganic base, namely sodium hydroxide, in anhydrous or essentially 
anhydrous aerosol and non-aerosol hairsprays and other hair cosmetic 
products. In particular the present development relates to improving the 
clarity, long term storage stability, hair feel attributes and ease of removal 
characteristics of hairspray and other hair cosmetic products containing 
no or very low levels of water, approximately 0 - 1 %, preferably 0 - 
0.7% water, by neutralisation of the hair fixative polymer with a 
neutralisation system comprising at least 80%, preferably at least 95% 
and more preferably at least 99% by weight of the neutralisation system 
of sodium hydroxide. While the neutralisation system can be used in 
excess of the polymer (for example up to 15% excess on an equivalent 
basis) so as to result effectively in 100% neutralisation of the polymer, 
nevertheless in preferred compositions, a total of from about 25% to 
about 95%, preferably from about 40% to about 90%, more preferably 
from about 55% to about 85%, and especially from about 65% to about 
80% of the acidic monomers of the polymer are neutralised. 

The amount in grams of inorganic base (Z) required to neutralise a 
polymer can be deduced from calculations which take into account the 
acid value of the polymer (A); amount of polymer (W); mol wt of the 
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base (B);-mol wt of the acidic moiety (M) and the degree of neutralisation 
required (N). 

Z (g) = W X A/100 X 1/M X B X N% 

In the following example the amount of NaOH required to neutralise 2.6g 
of acrylic acid co-polymer (with acid value of 20) to a level of 77% 
neutralisation is calculated. 

Z(g) = 2.6 X 20/100 X 1/72 x 40 x 0.77 

Z = 0.222 g 

Note the acid value can be experimentally determined by titrating a 
specific amount of the polymer with base or theoretically by considering 
the original acidic content of the co-polymer i.e. a polymer with 20% of 
acid monomer has an acid value of 20. 

As described earlier herein, use of the herein defined neutralising system 
for at least partial neutralisation of the silicone grafted copolymer leads to 
anhydrous or essentially anhydrous liquid hair cosmetic compositions of 
improved clarity and long term storage stability. Product clarity can be 
measured using a visible range spectrophotometer. Using this equipment 
the percent transmittance of the sample at 450 nm is measured by 
calibration against a reference sample of Ethanol BlOO as 100% 
transmittance. Typical transmittance values for opaque systems 
neutralised with potassium hydroxide neutraliser can be as low as from 1 
to 5% . In contrast, the compositions of the invention typically display 
percent transmittance values greater than 80% when first made, preferred 
compositions herein displaying 80% transmittance values after storage for 
at least four weeks at 45 C. 

The liquid hair cosmetic compositions of the present invention also 
include a carrier. This can comprise any of those conventionally used in 
resin hairspray formulations inclusive of solvents, propellants and other 
optional ingredients of liquid hair cosmetics. The carrier is generally 
present in tilie liquid hair cosmetic compositions at from about 70% to 
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about 99.«% , preferably from about 78% to about 99% by weight. More 
preferably, the carrier is present at from about 80% to about 98% by 
weight of the total composition. 

Organic solvents suitable for use in the carrier of the present compositions 
include Ci-Cg alkanols and ethers, carbitol, acetone and mixtures thereof. 
Ci-Cg alkanols preferred for use in the present compositions are C2-C4 
monohydric alcohols such as ethanol, isopropanol and mixtures thereof. 
Dimethoxymethane is also a highly preferred solvent. 

The performance of the liquid hair cosmetic compositions according to the 
invention can be improved through the optional incorporation of a 
nonvolatile plasticizer into the composition. The plasticizer will generally 
be present in the compositions at up to a level of 25 % , preferable from 
1% to 20%, more preferably from 1% to 15%. As used herein, 
"nonvolatile" in regard to plasticizers means that the plasticizer exhibits 
essentially no vapour pressure at atmospheric pressure and 25*'C. The 
polymer-liquid vehicle solution should not suffer from substantial 
plasticizer weight loss while the hair cosmetic carrier is evaporating, 
since this may excessively reduce plasticization of the polymer during 
use. The plasticizers for use herein should generally have boiling points 
of about 250*0 or higher. 

Plasticizers are well known in the art and are generally described in ICislfc 
Othmer Encyc lopedia of Chemical Technology . second edition, Volume 
15, pp. 720-789 (John Wiley & Sons, Inc. New York, 1968) under the 
topic heading "Plasticizers", and by J. Kern Sears and J. R. Darby in the 
text The Technolopv of Plasticizers ( John Wiley & Sons, Inc., New York, 
1982). See especially in the Appendix of Sears/Darby Table A.9 at pages 
983-1063 where a wide variety of plasticizers are disclosed. 

Plasticizers suitable for use in compositions of the present invention 
include both cyclic and acyclic nonvolatile materials. Suitable categories 
of nonvolatile plasticizers include adipates, phthalates, isophthalates, 
azelates, stearates, citrates, trimellitates, silicone copolyols, iso C14-C22 
alcohols, methyl alkyl silicones, carbonates, sebacates, isobutyrates, 
oleates, phosphates, myristates, ricinoleates, pelargonates, valerates. 



wo 95^2703 



PCT/US95/04756 



12 

camphor,- glycols, amine derivatives, selected short chain alcohols and 
castor oil. 

Particularily preferred plasticizers for use herein include glycol and 
citrate based plasticizers such as propylene glycol, dipropylene glycol , 
acetyl tri-n-butyl citrate, triethylcitrate, tri-n-butyl and acetyl tri-2- 
ethoxyhexyl citrate (as supplied by Pfizer under the trade name Citroflex 
(RTM) and also glycerin, amino methyl propanol (AMP), 
diisobutyladipate (DIBA) and isopropanol. 

The present compositions can be formulated as hairsprays in aerosol or 
non-aerosol forms. If an aerosol hairspray is desired, a propellant must 
be included in the composition. This agent is responsible for expelling 
the other materials from the container and forming the hairspray 
character. 

The propellant gas can be any liquefiable gas conventionally used for 
aerosol containers. Preferably the density of the propellant or mixture 
thereof is less than 1 so that pure propellant is not emitted from the 
container. Examples of materials that are suitable for use as propellants 
are trichlorofluoromethane, dichlorodifluoromethane, 
dichlorotetrafluoroethane, monochlorodifluoromethane, 
trichlorotrifluorethane, dimethylether e.g Dimel 152A (RTM) supplied by 
Du Pont, propane, n-butane, isobutane, used singly or admixed and 
propane butane e.g CAP 80 (RTM). Dimel 152A (RTM) and propane 
butane are preferred. 

The amount of the propellant gas is governed by normal factors well 
known in the aerosol art. For hairsprays the level of propelhmt is 
generally from about 10% to about 40%, preferably from about 20% to 
about 30% , of the total composition. If a propellant such as dimethylether 
utilizes vapor pressure suppressant (e.g., trichloroethane or 
dichloromethane) the amount of suppressant is included as part of the 
propellant. 

The hair spray compositions of the present invention can be made using 
conventional formulation and mixing techniques. Compositions of the 
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present invention can be made by adding the polymer to ethanol and 
mixing for several hours until dissolved. Plasticizer and neutralising 
ingredients are then added and the resulting solution is stirred. Any 
remaining ingredients such as water, ethanol and perfume can then be 
added. 

Methods of making the hair cosmetic compositions of the present 
invention are described more specifically in the examples. 

Alternatively, pressurised aerosol dispensers can be used where the 
propellant is separated from contact with the hairspray composition by use 
of specialised containers such as a two compartment can of the type sold 
under the tradename SEPRO from Americal National Can Corp. 

Other suitable aerosol dispensers are those characterized by the propellant 
being compressed air which can be filled into the dispenser by means of a 
pump or equivalent device prior to use. Such dispensers are described in 
US-A-4,077,441, March 7th 1978, Olofeson and US-A-4,850,577, July 
25th 1989, TerStege. Compressed air aerosol containers suitable for use 
are also currently nrarketed by The Procter & Gamble Company under 
their tradename VIDAL SASSOON AIRSPRAY (RTM) hairsprays. 

Conventional non-aerosol pump spray dispensers, i.e., atomizers, can 
also be used. 

The liquid hair cosmetic compositions of the present invention can also 
contain a variety of non-essential, optional components such as 
preservatives, surfactants, block polymers, thickeners and viscosity 
modifiers, electrolytes, fatty alcohols, pH adjusting agents, spreading 
agents, perfume oils, perfume solubilizing agents, sequestering agents; 
emollients; lubricants and penetrants such as various lanolin components; 
protein hydrolysates and other protein derivatives; ethylene adducts and 
polyoxyethylene cholesterol; sunscreens and volatile and non-volatile 
silicone fluids. Such conventional optional ingredients are well known to 
a person skilled in the art, e.g. surfactants such as anionics (e.g., sodium 
alkyl sulphates, nonionics (amine oxides) ; amphoterics (aliphatic 
secondary or tertiary amine derivatives) zwitterionics (aliphatic 
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quaternary ammonium; phosphonium or sulphonium derivatives) and 
fluorinated surfactants (e.g. Zonyl FSK) (RTM); thickeners and viscosity 
modifiers such as diethanolamides of long chain fatty acids; block 
polymers of ethylene oxide and propylene oxide such as Pluronic (RTM) 
F88 offered by BASF Wyandotte; fatty alcohols such as cetearyl alcohol; 
viscosity modifiers such as sodium chloride, sodium sulphate, and ethyl 
alcohol; electrolyte such as earth and alkaline-earth metal salts; 
quaternary ammonium ions and cationic amines and halogen ions; pH 
adjusting agents such as citric acid, succinic acid, sodium hydroxide and 
triethanolamine; spreading agents such as isododecane, perfume oils such 
as Florasynth (RTM) perfumes; perfume oil solubilizers such as 
polyethylene glycol fatty acid esters and sequestering agents such as 
ethylenediamine tetraacetic acid. Each of these optional materials can be 
present at a level of from about 0.05% to about 5%, preferably from 
about 0.1 % to about 3% by weight of composition. 

The liquid hair cosmetic compositions of the present invention are used in 
conventional ways to provide the hair styling/holding benefits of the 
present invention. Such method generally involves spraying an effective 
amount of the product to dry or damp hair before or after the hair is 
styled, or both. By "effective amount" is meant an amount sufficient to 
provide the hair voliune and style benefits desired considering the length 
and texture of the hair. 

The invention is illustrated by the following non-limiting examples. 

In the examples, all concentrations are on a 100% active basis, unless 
otherwise stated and the abbreviations have the following designation: 

Hair Styling Polymer - 60% t-butyl acrylate/20% acrylic acid/20% 
silicone PDMS. Weight average molecular 
weight (measured by SEC) of 150,000. 

NaOH - Sodium hydroxide solution, containing 45% 

sodium hydroxide and 55% water. 
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Solvent * - Ethanol 

Examples I-VI 

The following are liquid hair cosmetic compositions in the form of 
hairspray compositions suitable for pump spray dispensers and which are 
representative of the present invention: 



I 

Hair Styling Polymer 3.0 
% poly NaOH neutralised 82 
Balance 



n ffl IV V VI 
2.0 4.0 6.0 2.0 5.0 
70 75 80 85 75 
to 100 percent with ethanol 



The balance contains ethanol and optional ingredients such as plasticizer 
(preferably DIBA), perfume and surfactants. 

The hairspray formulations are prepared by adding the polymer directly 
to the ethanol. A magnetic or air driven stirrer is used to mix the 
ingredients until the polymer is dissolved, typically about 1 to 2 hours. 
The neutralizing agent is then added and mixed into the premix. Then, 
the optional ingredients, as may be applicable, are mixed into the 
composition. 

The above compositions provide effective style retention, deliver a hair 
conditioniqg effect and have excellent long term clarity and a non-tacky 
hair feel. 

FxamplesVII-XII 

The following are liquid hair cosmetic compositions in the form of 
hairspray concentrate compositions siiitable for aerosol dispensers and 
which are representative of the present invention: 



vn vm DC X xi xn 
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Hair Styling Polymer 4.0 2.0 5.0 6.0 3.0 7.0 
% poly NaOH neutralised 70 78 85 78 80 75 
Balance to 100 percent with solvent 

As in examples I to VI the balance is ethanol and optional ingredients 
such as plasticizer (preferably DIBA), perfume and surfactants. The 
above compositions are prepared as in Examples I-VI. The concentrates 
are packaged in conventional aerosol spray cans and are charged with a 
conventional liquifiable propellant such as CAP 80 (RTM) at a 
propellantrconcentrate weight ratio of 23:77. 

The above compositions have excellent clarity and stabii. , characterisitcs 
and when applied to the hair, provide good hair styling and conditioning 
benefits as well as a non-tacky hair feel and improved ease of removal. 



wo 95^2703 



PCT/US95/04756 



17 

WHAT IS (AAIMED IS: 

1. A liquid hair cosmetic composition comprising:- 

(a) from about 0.1 % by weight to about 10% by weight (acid 
basis) of a siiicone-containing polycarboxylic acid copolymer 
having a vinyl polymeric backbone, and having grafted to the 
backbone a silicone-contaning macromer having a weight 
average molecular weight of from about 1,000 to about 
50,000; 

(b) a neutralising system consisting essentially of sodium 
hydroxide present at a level sufficient to neutralise at least 
about 25% of the acid groups on the siiicone-containing 
copolymer; 

(c) from 0% to about 1 .0% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hah. 

2. A liquid hair cosmetic composition according to Claim 1 wherein 
the siiicone-containing macromer has the general formula (I): 

X(Y)nSi(R)3_^Z^ (I) 

wherein X is a vinyl group; Y is a divalent linking group; R is 
hydrogen, alkyl, aryl, alkylamino, trialkylsiloxy or alkoxy; Z is a 
monovalent siloxane polymeric moiety having a number average 
molecular weight of at least about 500; n is 0 or 1; and m is an 
integer from 1 to 3. 

3. A liquid hair cosmetic composition according to Claim 1 or 2 
wherein the siiicone-containing copolymer has a weight average 
molecular weight of from 10,000 to 1,000,000 comprising a 
hydrophilic carboxylate containing monomer (B), optionally a 
lipophilic, low polarity, free-radically polymerizable vinyl 
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monomer (A) which is copolymerizable with B, and a silicone- 
containing macromer (C) having a weight average molecular weight 
of from 1,000 to 50,000, preferably from 5,000 to 40,000, based 
on polydimethylsiloxane and wherein the macromer (C) is selected 
from one or more monomers having the general formulae (II - VII): 



X-C-O- ( CH2 ) q- (O) p-Si (R* ) ^_^Zj^ (H) 
X-Si(R*)3^2„ (III) 
X-<(0/ -(CH2)q-(0)p-Si(R4) 3_„Z„ (iv) 



X-C-O- (CHj) 2-N-C-N- <JQ) -si(R4)3_„Z„ (V) 
O OH R' ' 

II I I 

X-C-0-CH2-CH-CH2-N-(CH2)q-Si(R*)3_jjZj„ (^^) 
0 H 0 R" 

II III 

X-C-O- (CH2) 2-N-C-N- (CH2) q-Si(R*) 3_^2„ (VII) 

wherein m is 1, 2 or 3; p is 0 or 1; R" is alkyl or hydrogen; q is an 
integer from 2 to 6; Xis 
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CH= C 



(VIII) 



r1 is hydrogen or -COOH; r2 is hydrogen, methyl or - 
CH2COOH; Z is 



r4 is alkyl, alkoxy, alkylamino, aryl or hydroxyl; and r is an 
integer from 5 to 700; and wherein the silicone-containing 
copolymer comprises from 0% to 98% monomer A, from 1% to 
98% monomer B, and from 0.1 % to 50% monomer C. 

A liquid hair cosmetic composition according to any of Claims 1 to 

3 wherein the silicone-containing copolymer comprises from 5% to 
92% by weight monomer A, from 7.5% to 80% by weight 
monomer B, and from 0.1% to 50% monomer C. 

A liquid hair cosmetic composition according to any of Claims 1 to 

4 wherein monomer A is selected from acrylic acid esters of Ci- 
Cig alcohols, methacrylic acid esters of Ci-Cig alcohols, styrene, 
polystyrene macromer, vinyl acetate, vinyl chloride, vinyl 
propionate, vinylidene chloride, alpha-methylstyrene, t- 
butylstyrene, butadiene, cyclohexadiene, ethylene propylene, vinyl 
toluene, and mixtures thereof; and is preferably selected from n- 
butylmethacrylate, isobutylmethacrylate, 2-ethylhexylmethacrylate, 
methylmethacrylate, t-butylacrylate, t-butylmethacrylate, and 
mixtures thereof. 

A liquid hair cosmetic composition according to any of Claims 1 to 

5 wherein monomer B is selected froin acrylic acid, methacrylic 
acid, maleic acid, maleic anhydride, half esters of maleic 
anhydride, crotonic acid, itaconic acid and mixtures thereof; and is 
preferably selected from acrylic acid and methacrylic acid and 
mixtures thereof. 
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7. A liquid hair cosmetic composition according to any of Claims 3 to 

6 wherein the silicone containing macromer has the general formula 
(II) in which p = 0 and q = 3, m is 1, R4 is alkyl, r1 is hydrogen 
and r2 is methyl. 

8. A liquid hair cosmetic composition according to any of Claims 1 to 

7 wherein the silicone-containing copolymer is selected from: 

acrylic acid/n-butylmethacrylate/polydimethylsiloxane (PDMS) 
macromer - 20,000 molecular weight (mw) (10/70/20); 
acrylic acid/isobutyl methacrylate/PDMS macromer - 20,0(X) mw 
(20/60/20 w/w/w) 

acrylic acid/PDMS macromer - 20,000 mw (80/20 w/w) 
t-butylacrylate(tBA)/acrylic acid(AA)/PDMS macromer - 10,000 
mw (60/20/20) 

acrylic acid/isobutyl methacrylate/PDMS macromer - 20,000 mw 
(10/70/20); 

acrylic acid/methyl methacrylate/PDMS macromer - 20,000 mw 
(40/40/20); 

acrylic acid/isopropyl methacrylate/PDMS macromer - 20,000 mw 
(25/65/15); 

acrylic acid/methoxyethyl methacrylate/PDMS macromer 20,000 
mw (60/25/15); 

acrylic acid/PDMS macromer - 20,000 mw (80/20); 
and mixtures thereof. 

9. A liquid hair cosmetic composition according to any of Claims 1 to 

8 wherein the silicone-containing copolymer is neutralised to a level 
of from about 40% to about 90%, preferably from about 55% to 
about 85%, more preferably from about 65% to about 80% with 
sodium hydroxide. 

10 A liquid hair cosmetic composition according to any of Claims 1 to 

9 containing less than 0.7% by weight water. 
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11. A liquid hair cosmetic product comprising a hairspray composition 
and spray dispenser means for containing and spraying the 
hairspray composition, and wherein the hairspray composition 
comprises: 

(a) from about 0.1 % by weight to about 10% by weight (acid 
basis) of a silicone-containing polycarboxylic acid copolymer 
having a vinyl polymeric backbone, and having grafted to the 
backbone a silicone-containing macromer having a weight 
average molecular weight of from about 1,000 to about 
50,000; 

(b) a neutralising system consisting essentially of sodium 
hydroxide present at a level sufficient to neutralise at least 
about 25% of the acid groups on the silicone-containing 
copolymer; 

(c) from 0% to about 1.0% by weight of water; and 

(d) the balance comprising a carrier suitable for application to 
hair. 
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